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PREFACE. 



In preaummg to offer useful information to the members of an 
important profession, I wouJd especiaUy guard mjself against 
an undue assumption of peraonal merit, and rather rest the 
justification of the title given to the present Volume upon the 
Trell'gTounded public opinion, that the elementary principles of 
science are too much neglected in the study and practice of 
engineering. 

It is generally adniitted that one of the most popular and 
useful forms of imparting knowledge to others is that of 
public and entertaining Lectures, and I may therefore state 
that the Lectures which I have now the opportunity of publish- 
ing, were mostly prepared at the request of the Directors of 
the various educational institutions of the North of England, 
and dehvered to the mixed assemblies of their Members. The 
circumstances of passing events gave to some of the addresses 
considerable local and temporary interest ; but it does not by 
any means follow that, thus hastily conceived, the subjects of 
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which they treated were wanting in pennaneDt value and im* 
portance to the mechanical student. On the contrary, the pre- 
paration of what I had to say, constantly opened out new fields 
of inquiry, and laid bare more openly the deficiencies in the 
education — and therefore in the existing intelligence — of a 
numerous and important class of society. My object was to 
impart to working engineers, in intelligible and simple tenns, 
all I myself knew of the varied branches of practical science 
which their calling embraces, and hence my main relianoe 
was on the results of my own practice and experience. But 
beyond this I had necessarily much to study in the labours of 
others, and my acknowledgements are therefore due to those 
authors whose writings have been quoted in confirmation of my 
own views. To the writings of Robinson, Arago, Dalton, and 
Fambour I am especially indebted for certain confirmatory 
remarks and experiments on the nature and properties of steam 
and other elastic fluids. There is much yet to learn in this 
department of scientific research. Mr. Joule's new theoiy of 
heat, and the experimental inquiries of Regnault on saturated 
steam, are likely to produce important changes and greatly 
extended improvements in the theoiy and construction of the 
steam-engine, as well as in the mechanical application of other 
elastic fluids. Deeply impressed with the importance of the 
subject and the great difficulties surrounding it, I was induced 
to undertake the task from the consideration, that although 
I am not perhaps the most competent person to elucidate 
many of the subjects treated of in these Ijectures, yet, in the 
absence of higher authorities, I felt I might render some service 
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to the practical man, by placing within his reach aome of the 
most remarkable laws of heat coQuected with the theory and 
application of steam as a mechanical agent. In thus acknow- 
ledging my own deficiencies, I shall consider my labour to be 
fully remunerated if I succeed in engaging the attention of 
those who are deprived, by their avocationn and the limited 
time at their disposal, of the ordinary means of instruction. 

In confirmation of many of the opinions advanced in the 
Lectures, I have deemed it necessary to give the experiments 
on the strength of sheet-iron plates and their riveted joints 
in full; aa well as the direct experiments on the strengths of 
boilers^ on the pressure of steam at different temperatures^ 
and on the causes of boiler explosions. 

To constructive science I have given special attention, and I 
venture to hope that the experiments and recommendations 
relating to the best form and construction of boilers and other 
vessels subjected to severe strain wiU be carefully considered 
by practical boiftr-makers tmd engineers, and thus lead to 
greater seciuity of life and property. 

In treating of the economy of fuel and the prevention of 
amoke, I have endeavoured to show that economy in the con- 
sumption of coal fuel is attainable without smoie ; and I have 
converted the paper read before the British Association for the 
Advancement of Science into the form of Lectures, in order to 
render the subject easier of acquirement to those who are 
deeirous of abating a serious nuisance, and of establishing a 
better and more economical system of combustion. 

It would appear almost superfluous to insist upon the value 
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of a sound knowledge of practical science; yet how few 
possess it, and how many will refuse to adniit that it is 
essential to the successful practice of the mechanical and in- 
dustrial arts! It cannot therefore be too frequently or too 
finnly asserted, that in order to advance the science of 
engineering, we must combine a knowledge of the first prin- 
ciples of the exact sciences with skill in construction ; — that a 
perception of and acquaintance with the unerring laws which 
science reveab, is the only sound basis for creditable results; — 
and with the view of encouraging the practical man in the 
pursuit of this knowledge, I have cited examples where in- 
dustry and perseverance in the development and prosecution 
of more than one department of science and art have led not 
only to worldly success, but to honour and renown. 

Metallic constructions open a wide field for investigation, and 
volumes might be written on this subject before it could be 
exhausted. On the present occasion, however, my observations 
have been con&ned to iron ship-building, from the circum- 
stance that I was among the first to take up this important 
branch of national industry, and embark in the constmctioD 
of iron vessels upon a lai^e scale. Nearly twenty years ago 
I made a series of experiments on malleable iron plates and 
rivets, the results of which were subsequently published in 
the Transactions of the Boyal Society, and are now republished 
in the Appendix to the Lectures. These experiments, as well 
as those undertaken to determine the form and strength of the 
Britannia Tubular Bridge, apply with considerable certainty to 
almost every form of metallic construction, and have already 



FfififACE. 



U 



been, I trust, of great value in boiler tnfildng and ship and 
bridge building, lu giving my views on this eubjV^rt, \ have 
not dttemptcd to offer an opinion on those forms of ehipa 
which come within the province of the n&vol designer, hut 
have simply enJeavourtd to show in what position the niate- 
rial should be placed bo as to attain the maxinimn of strength, 
in the general moss in its riveted form, ua it appears iu the 
iron ship. 

In my attempts in the succeeding Lecttires to investigate 
the nature and properties of steam, practically considered, I 
had to bring not only the whole of my experience and know- 
ledge to the task, but 1 had to consult the writings of some of 
the nioAt distiDguishcd men of science since the days of 
Dr. Black, when he first anooniiL^d lils theory of latent heat- 
it was not without great diflidt'iice that I approached this 
question, inasmuch as the labours of such men as Black, Robin- 
son, Watt. Southern, &c. m former days, and those of Arago, 
Dulong, Panjbour and Regiiault of more recent dale, made 
me fiensibly alive to the difficulties which, iu the present state 
of our knowledge, surround such an inquiry. I Lave referred, 
in the course of my investigations, to all these authorities ; ami 
although much has been accomplished in elucidation of the 
subject by these writers, there is, nevertheless, a wide field yet 
to bo explored before our knowledge of steam, and its apphca- 
tion as A moving power, can he said to be cloirly and explicitly 
understood. 

Viewing the subject in this light, I have not hesitated to 
direct the attention of the practical engineer to the new dis- 
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coveneft relative to the lawa of elastic fluids, contained in the 
n:ikAfcli(» of my friend Mr, Joule, Professor Thomson and 
Ikfftmultp To the iDVcBtigations of those writers I am indebted 
for new and useful information. 

On the um]>loyuiunt and use of high-pressure steam, I have 
dwelt witli more than ordinary attention : I have done so &om 
a eonviction tlmt we have yet much to learn m relation to its 
u[jpliruition, retention and improved cjtpansion. 

UtK|ueHticjnal>ly, considerable advances have been made 
within tlui luHt ten years in the construction of the steam- 
engine; Imt wti ani Htill far from liaving attained a perfect 
coiiHtruetion eitlu^ in the land, the marine, or the locomotive 
engine. It is true, that in our manufactories we are now 
perlurmiug almost double the work witli the same quantity of 
fuiil Unit was fonuerly iwrformcd ; and nearly the same 
im)in>vrnienta mid economy have been accomplished by the use 
of high Htt^aiu on board our steamers ; but we have stiU much 
furtlwr to gtn for by n rarvful and judicious application of high 
ati^aiu — in improved engines, — probably working from 150 to 
£()() Ihs. on the sipian^ ineli, we may venture to look forward to 
a new and imjHtrtaut era iu the history of steam and the steam- 
engine*. 

1 i^uhot i^nelude thia tVfa(x\ aln^dy too long, without 
Muiue wortls of ai*knowic\lgt'uwnt to my friend Mr. Tate, for his 

* Th« |inmHit w»r hw M W thf emitkiywrut of tufih-preMure stcttm 
vr«M-U in thf Navy, miJ 1 tm ]/iUt\ tu tiikt lh«t iht stnuu dqiutininit of the 
AU>v«l Na\v u iHiw aluir Co the xu|M»rtauce of vaiv^ hi^h steuu \n thhIi of 
wv* y*iic ft viivuUr ihottf jiMl i«Mvtl by Uit^ AdmuiJiT at the vud of the 
A|»|vrudix. 
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able mathematical inveBtigations, a labour which has been 
cheerfully rendered on his part, and the value of which can 
only be appreciated by those who, like myself, have found his 
researches bo highly advantageous. If T have reserved his 
name to the last of those to whom I am indebted, it is cer- 
tainly not because I value his services the least. 

In conclusion, I have to express my acknowledgements to 
the various Institutions with which I am connected, for the 
readiness with which they permitted me to avail myself of my 
contributions to their Transactions t^ republication; and I 
sincerely hope that the Volume now offered may be useful, 
not only to the Members of those Institutions, but to the 
wider circle of working engineers for whom it has been ex- 
clusively written. 

Minchntor, Dec. 10th, 1855. 
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LECTURE I- 

ON THE CONSTRUCTION OF BOILERS. 

The modifications of the steam-engine which have been adopted 
since its introduction by Watt, three-quarters of a century ago, 
have been very numerous and varied ; and although the pro- 
gression in its applications and improvements has been most 
rapid and wonderful, we are still undecided as to the best form 
of its construction. Sound principles acientiflcally apphed, and 
the gradually increasing excellence of our mechanical workshop, 
have enabled us to attain the great perfection which charac- 
terises the working parts of the modem steam-engine. Since 
the eteam-engine itself may be regarded as a comparatively 
perfect machine, I shall confine my observations almost exclu- 
sively to that very important and neceasaiy adjunct — the Boiler 
— which is the source of its power. Even this limitation of the 
subject presents to us a very wide field of inquiry. In the 
earliest steps of the investigation we become perplexed with the 
endless variety of forms and constructions which at different 
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periods have been adopted by engiDeers, and wbich have never, 
unfortunately, received the same judicious attention that has 
been paid to the other parts of the steam-engine. This is an 
anomalous and much to be regretted fact, for the boiler, being 
the source of the motive power, is undoubtedly one of the most 
important parts of the whole machine. Upon its proper propor- 
tions and arrangements for the generation of steam depend the 
economy and regularity with which the engine can be worked, 
and upon the strength and excellence of its workmanship depends 
the safety of the lives and property of those who come in contact 
witH it. Regarding, as we do, the steam-engine as one of the 
most active agents in the extension of our prosperity and in the 
civilization of the world, and seeing how it is mixed up with the 
daily duties and workings of societyj the safety and efficiency of 
every part of this great machine, and more especially of the boiler, 
must necessarily be considered as a subject of national import- 
ance ; and I feel gratified fay being called upon to lay before 
you such knowledge and experience on this subject of deep 
interest as I myself possess. 

I propose to consider the Boiler in its Construction, Manage- 
tnenf. Security, and Economy. 

lat. As to the Construction. — Here I shall have to go a little 
into detail, in order to show the absolute necessity that exists 
for adhering to certain rules of form and other points of con- 
struction, essential in the practice of mechanical engineers, in 
order to attain the maximum of strength with the minimum of 
material. In boilers this is the more important, as any increase 
in the thickness of the plates obstructs the transmission of heat, 
and exposes the rivets as well as the plates to injury on the side 
exposed to the action of the furnace. 

It has generally been supposed that the rolling of boiler plate 
iron gives to the sheets greater tenacity in the direction of their 
length than in that of their breadth ; this is, however, not cor- 
rect ; as a series of experiments which I made some years since 
fully proves that there is no difference in the tensile strength of 
boiler plates whether torn asunder in the direction of the fibre, or 
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across it. From five different aorts of iron the following results 
were obtained : — 



Torkibire plalps 2577 

Yorkshire plutci 22-7fi 

Dcrliyshiw plnl?* 21'fi8 

Shropyhire plnttiii , 22-S'J .. ,. 

Stft^'anlabiTe plaCCB l9-fiti ..p. 






2537 
Ift-fiS 

2SHMi 
21-01 



M^ 23-61 23'10* 

Vtoui tills if Mpjjeara that we may safely use iroti plates in the 
construction of boilers in whatever direction may best suit the 
convenience of the maker- It Las been supposed that WTOught 
iron plates, when exposed to intense heat — such us we obsei-ve 
in those of a, boiler over the furnace — lose ^i consitlerable 
portion of their strength. On this cjuestion we are not, how- 
ever, well informed, aa it will be seen, on referring to Appendix 
No, L, that the results of the experiments given alxive were 
niado at the ordinary temperature of the atmospliere; and as 
boilers in their workmg state are considerably above that tem- 
pCTature. it may be interesting to know what effect greatly 
inereaaed temperature has upon the tenacity of wrought iron. 
In ca£t iron I have already determined by experiment the effects 
of temperature on ila powers of resistance to a transverae strain ; 
but it was reserved for the Coiumittte of the Franklin Institute 
to conduct similar experiments on malleable iron ; and as these 
experiments appear to be conclusive, and approximate closely to 
my own up to 600°, where the strength is not seriously^ if at all 
impaired, I have the leaa hej+Jtation in presenting the results of 
the Committee in the form given in the Report. 

After describing the series of experiments numerically as they 
were ma^le, the Report goes on to say, " On a survey of tlie pre- 
ceding discussions, it wiU be seen that in determining the maxi- 
mum at each point of fracture, it has been necessary to resort 
soraetiniea to experimental, and sometimes to ctdculattd results, 
but in several cases the two operate as checks upon eacli otiier. 

' In Appendix N'o. I. nil! be found a deCailed account uf the experimeala. 
extracted from o pnper read bef-ife the Koytd Society, 1 SiiO. 

b2 
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On attempting to extend the principle to trials made below the 
temperatures already cited, we are liable to eacounter an ambi- 
guity in the results, owing to the hct that the maximum tena- 
city is not generally to be obtained without having carried the 
previous temperatures to about 550^ or 600°, and the tension to 
nearly or quite that of the original strength of the metal when 
cold," 

These facts are contu^ned in my experiments to determine 
the effects of temperature on cast iron. In the more fluid, or 
finer descriptions of iron, I found a loss of 10 per cent. &om 21^ 
to 190^, but in the harder and stronger descriptions of iron, 
No. 3, there was nearly the same increase of strength up to 600* ; 
and from these confirmatory results, we may infer that the infu- 
sion of heat into metallic substanceSj such as cast and wrought 
iron> does not produce any serious diminution of their strength 
up to a temperature of 600°. On the contrary, the following 
Table indicates nearly the same results from 520° up to 662°, 
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wlefe tt will be observed tlicro ib no materia] cliange in its powtr 
of resistance- This Table exhibits also, accoidiiig to the lle|M>rt 
of the Coniuiittee,'"thL'obHcrved ten ijierat ares andtorreapunding 
tenacity of metal udtb tlie calculated or experimental masiiuum 
of strength, — the ratio of the obacrvccl dimuiution to the man- 
mum tenacity, and the irregularity of the metal iu parts of tliu 
original strength at ordinary temperatures. 

'• From the eighth column of the preceding Tabic, it ai>pear3 
that of these fifteen different specimens of iron, the mean irre- 
gularity of structure is 10 jjcr cent, of the mean strength when 
tried cold. 

" For the purpose of ascertaining, approximately, the law of 
decrease in strength by tcmiR^rature, an investigation was made 
similar to that adopted for copper, embracing, however, only 
twelve of the points contained in the preceding Table. 

"As some of the experiments which furnished the standards 
of iH)m[«m9on for strengtlia at ordinary teun^nitiires, were 
made al 80^, and as at that point small variations iu n^iiect to 
heat appear to afi'cct but very slightly the tenacity of iron, it ia 
conceived that for [irat^tica! ])iu^oses at least, the calcidationa 
might be commenced from that period, 

" Eighty degrees are therefore deducted from each tempera- 
ture in the foregoing Table, and the remainders used, instead of 
the numbers commencing from the of our scale. It will be 
found, that, with tlie exception of a slight anomaly between 520'' 
and 570°, amounting to —'18, the numbers expressing the 
ratio Ijctweeii the elevations of tem]ier[Lture, and tlie tHrniuu- 
tions of tenacity, constantly increase untii we reach 932^ at 
which it is 3"U7, and that from this point the ratio of diminu- 
tion decreases to the hmits of our range of trials 1317, where 
it is 214- It will dIbo Ix^ obser\ed, that the diminution of 
tenacity at 03ii°, where the Uyr changes from an increasing to a 
decreasing rate of diminution, is almost precisely one-third of 
the total or maximmn of strength of the iron at ordinary tem- 
peratures/' 

Next to the tenacity of the plates, comes the question of rivrt- 
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ing, or the best and surest means of seenring them together. 
On this part of tlie subject we liftve bocn widely astray, and it 
required aonic skill, uud no inconsiderable attention, in con- 
ducting the exjieriments, to convince the unreflecting |}ortJou of 
the piiblicj and even Konie of our boiler- luaktrs, that the riveted 
joints were not stronger than the plate itself At first sight 
this would appear to l>c the case, but a moment's reflection will 
soon convLntTS us of the contrary: in punching holes along the 
edge of a plate it is obvioiui that the jjlate must be weakened to 
the extent of tlic sectional cxcas punched out, and that it is next 
to impossible^ under the ci rem u stances, to retain the same 
strength in the material after such diminution has been effected, 
as ejdsted in the previously solid plate. This was clearly de- 
monstrated by a series of experiments which were made some 
years since*, aiul in which the strength of almost every descrip- 
tion of riveted joints was determined by tearing tbera directly 
aaunder. The rcsulta obtained from these experiments were 
conclusive as regards the relative strength of riveted joints and 
the solid plates. In two different kinds of jobits — double aud 
single rivcted^ — the fltrengths were found to be, in the ratio of 
the plate, as the numbers 100, 70, and 56, 

AiiniDing the itr^npth of tbe pUtc to be ^ ^ ^ , . ^ ■ r - ^ - ■ - ^ - - - ■ 100 
The sCrcDfitli of a cicublc riveted joint noulJ ht, aHer oilamag 

for die Rilhi^MioTi nf tbe aurfa^^fii of the plate- ,,----,-,--., 70 

And thv itTL-n^^h of a amgle nreti^d jumt- . ................ 56 

Ttese proportions of the relative strengths of plates 
joints may therefore, in practice, be safely taken as the standard 
value, in the construction of vessels rcqidred to be steaoi- and 
water-tight, and subjected to pressure varjing trom 10 lbs. to 
100 lbs. on the square inch. 

In the construction of boilers exposed to severe internal pres- 
aure, it ia desirable 1o estahlish such forms, and so to dispose 
the material, that the greatest atrcugth may be supplied in the 
direction of the greatest strain ; and in order to accomplish this, 
it will be necessary to consider whether tl»c same arrangement 




and 
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be reciuired For aU diametere, or whether the form as well m the 
disposition of the plates should not be changed. To determine 
these questions in cyiindrical boilers, recourse must W !iad to 
eijierimect, or such deduction as may apply to any given case, 
and such bs is founded upon uncrritig data derived from experi- 
inenttil rescarrh. On tliis head 1 am fortunate in having before 
ttie thc^ calcidations of Professor W, R. Johnsou, of the tVankliii 
Institute of America, whose inquiries into the strength of 
cylindrical boilers are of great value, and of which the fol- 
lowing is a short and usefiJ abstract -. — 

"1st. To know the force which tends to burst a cylindrical 
vesBel in the longitudinal dii^ection, or, in other words, to 
separate the /lead from the curved sides, we hav<^ only to con- 
sider the actual urea of Hie head, and to multiply the units of 
stfrface by the number of units oi force applied to each super- 
liciai unit. This will give the total ditelknt force in that 
direction. 

"To counteract thin, we have, or may be conceived to have, 
the teuacity of aa many longitudinal bars as there arc lineal 
units in the circuraference of the cylinder. The united strength 
of these bars constitutes the total retaining or quieuent force, 
and at the moment when rupture is about to take place, the 
diveUeni and the quiescent forces must obviously be equal. 

"2nd. To ascertain the amount of force which tends to 
rupture the cylinder along the curved side, or rather along the 
opposite sidc8> we may regard the pressure ns applied through 
the whole breadth of the cylinder npon each lineal unit of the 
diameter. Hence the total amount of force which would tend 
to di\dde the cyhnder in halves, by separating it along two lines, 
on opposite sides, would be represented by multiplying the 
diameter ijy the force eicerted on each unit of siu'face, and this 
product by the length of the cylinder. But even without 
regarding the length, wc may consider the forco requisite to 
rupture a g/'jt^ie band in the direction now supposed, and of one 
lineal unit in breadth ; suiee it obviously makes no difference 
whelher the cylinder be long or short, in respect to the ease or 
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diiBculty of BeparfitiBg the sides. The diveUent force in this 
direction ia therefore truly represented by the diameter multiplied 
by the pressure per unit of miface. The retaining or quie9cent 
force, in the same direction, is only the strength or tenacity of 
the two opposite sides of the supposed bond. Here also at the 
moment when a rupture is about to occur, the divellent force 
must exactly equal the quiescent force/' 

In the subsequent portion of the paper, Mr. Johnson appears 
to reason on the supposition that there are no joints in the 
plates, and that the tenacity of the iron ia equal to 60,000 lbs. 
— rather more than 26 tons to the square inch. Now we have 
shown by the results ot the experimenta already adduced, that 
ordinary boiler plates will not bear more than 23 tons to the 
square inch, and as nearly one-third of the material is punched 
out for the reception of the rivets, we must still further reduce 
the strength, and take 15 tons, or about 34,000 lbs.* on the 
square inch, as the tenacity of the material, or the pressure at 
which a boiler would burst. 

This I should consider in practice as the maximmn power of 
resistance of boiler plates in their riveted stete, and I will now 
trouble you to follow me in a very concise and I trust not un- 
interesting investigation, as to the bearing powers of boilers, and 
the pressure at which they can be worked with safety. 

It follows from the general principles which have been stated, 
that the divellent force tending to rupture the boiler plates in 
longitudinal hnes parallel to the axis of the boiler is in the 
direct ratio of the diameter of the boiler j whereas the divellent 
force tending to rupture the plates in transverse hues, formed 
by section taken perpendicular to the axis of the boiler, is in the 
ratio of the squares of the diameters. The thickness op the 

PLATES OF CYLINDRICAL BOILERS SHOULD BE IN PROPORTION TO 

THEIR niAUETERs { foF as the force tending to burst a boiler of a 

* By experiment it is found that the strength of the riveted joitits of 
boilers is only about one-hrdf the atreogth of the plate itaelf ; but taking into 
consideration the crosaing of the jointSj 34>00OJbs. may reasonably be taken 
Rs the tenacity of the riveted plates, or the bursting presfiure of a cylindrical 
boiler. 



OK THE CON&TBirCTlON OF BOILERS. 







given length and Bubject to a given pressiire varies simply as 
the diameter of the boiler, and as the resistance of the plates 
varies aa their thickness, it follows that the thickness of the 
plates, in order to resist a given pressure of steam per ^uare 
inch, must be in proportion to the diameter of the boiler. It 
will be afterwards shown that the weakest portions of the plates 
are in the longitudinal lines drawn paraUel to the axis of the 
boiler*.. For example, let us take two boilers, one 3 feet in 
diamet^ and the other 6 feet, and suppose each to be subject 
to a pressure of 40 lbs. on the square inch. In this condition, 
it is evident that the area or number of square inches in the 
end of a 3-feet boUer is to that of the area of the 6-feet boiler 

* Let A BCD repreiCDt a cyliodricBl builer; ABQE a loiij^itadinal 
■ection pauing through the axis of the boiler ; aod D C a tranaverae aection 
perpendicular to the axis ; put /=A B the length of the boiler, 2r or d=ae 
the internal diameter, fig. 1. 

c=Aa=Eff the thick- „ 

Dttaofthe boiler plates, --^^r^^w^^^^i^tf-JH 

T= the tenacity in lb*. 
of a ■quare inch of the 
material, and P = the 
preaaure of the ateam 
ta lb«- for every aquare 
hreh -, then the presaure 
«f the steam tending to 

produce a longitudinal rapture in the section A B Q E, will act upwards and 
duimwaTda upon the internal section, haviog its area equal to if x ^ ; 
.'. Pressure of the steam to produce longitudinal rupture = area internal 

section X P=J/P - (1) 

This result shons that Ihe diveUent force tending to produce longitudinal 
rnpture, that is, to »epsrate the plates along the lines A B and £ Q, is in the 
diiect ratio of the diameter of the boiler. 

Again, w* have — 
Kcdetance of the section A BQE to rupture = area section xT=2lcT. ('2) 
Now when mpture is about to take place, formula (1) becomes equal to (2) ; 
. . d/P=2/cT. 
dp 




e=- 



2T' 



(3) 



iriiich pvea the thickness of ihe boiler plates when rupture is upon the point 
of taking pUce> under the pressure, P, of the steam. Hence it appears that 
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OB 1 to 4 ; aud by a commoQ process of arithmetic it will be 
found that the edges of the plates forming the cylindrical part 
of the 3-feet boiler are subject (at 40 lbs. on the square inch) 
to a pressure of 40,712 lbs. — upwards of 18 tons; whereas 
the plates of the C-feet boiler have to sustain a pressure of 
162,848 lbs., or 72 tons, which is quadruple the force to which 
the boiler only one-half the diameter ia exposed ; and the cir- 
cumferences being only as 2 to 1, there is necessarily double 
the strmn upon the cylindrical plates of the large boiler. 

the thickaesB of the plates of cylindrical boilera should be in proportioa to 
their diameters. 

Hie Hection, A B Q E, pa^aing through the axis of the cylinder is obvioiuiy 
the weakest .longitudinal section. 

We BhaU now consider the conditiona of mptare through the tranaverve 
section C D. 

Freftsure of ateam tending to produce ruptore in ^ aectioa C D ^ areR 

internal section xP=^^ (4) 

Thia result shovrs that the divelleat force tending to produce tnnarene 
rupture variea as the square of the internal diameter of the bcaler. 

Area of the material in the section DC^ite{e-\-d)i 

.'. Resistance section D C to nipture =irc(c+d)T (5) 

But when rupture is about to take place, famiula (4) must be equal to 
fonnula (5) ; 

.-. rc(. + rf)T=^; 
4 

neglecting - as being very smallj we get 
a 

d_P 
4T 

Compaiing this expression with (3), we find that the transverse section 
has double the strength of the longitudinal section- From this proposition 
it follows that a boiler constructed with plates of uniform thickness is most 
lialde to undergo rupture in its longitudinal sections, 

Examplf. Required the thickness of the plates of a boiler 20 fe«t long 
and 5 feet in diameter in order to stand the pressure of steam at 204 lbs, 
per square incb^ the tenacity of the metal being 34,000 lbs. per square inch. 
Here by fonnuU (3) we have, — 

rf=5x 12=60, P=204, and T=34,000. 
60 X 204 



^=— (6) 



•2 X 340(H) 



= ■18 inch. 
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Let U3, for tLe sake of ilUistration, suppose the two cylindrical 
boilera, such us wc liavc dcstrihcd, to be divided into a sericfi of 
LoGp:^ of I inch in width ; und, Inking one of these lioops in 
the 3-feet boiler^ we shall find it expost-d, at a prcBsure of 
40 Iba. on the square inch, to a force of 1440 lbs,, acting on 
each side of a line drawn tiiroiigh the axis of a 
cj'liuder 30 inchi'S diameter and 1 inch in width, 
and which line forms the diameter of the circle* 
Now this force causes a strain upon cadi of the 
points a in the direction of the arrows in the 
annexed dii:^ram of the 3-feet circle of 720 lbs., 
and assuming the pressure to be increased till the force becomes 
«jual to the tenacity or retainiTig powers of the Iron at aa^ it is 
evident, in this state of the equilibrium of the two forces, that the 
least prejjonderauce on the side of the intcmal presBure would 
produce fracture. And, suppose we take the plates of which 
the boiler is composed at one quarter of an inch thick, and the 
ultimate strength at 34,000 lbs. on the sc|uare inch, we shall 

have gg n — 47S lbs. per square inch, as the bursting pressure 

ifjf the boiler. Again, aa the forces in this (Predion are not as 

the squares, but simply as the diameters, it is clear that at 40 Ibe. 

on tlie square inch, we have in n hoop an inch in depth, or that 

portion of a cylinder whose diameter is 6 feet, exactly double 

the force applied to the points d b, which waa acting on the 

points G fl, in the diameter of 3 feet. Now, ossinuing the 

plates to be a quarter of an inch thick, 

as in the 3-feet boiler, it follows, if the 

forces at the same pressure be doubled in 

the large cyluider, that the 'thickness of 

the plates must also be doubled in 

order to sustain the same pressure with 

equal security j or what is the same thing, 

the 6-feet boiler must be worketl at half 

the pressure, in order l*i ensure the same degree of safety ns 

that attained in the 3-fcct boiler at double the pressure. I'Voni 



Fig. 3. 
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these facts we may conclude, that boilers having increased 
dimensions should also have increased strength in the ratio of 
their diameters ; or, in other words, the plates of a 6-feet boiler 
should be double the thickness of the plates of a 3-feet boiJer, 
and so on in proportion as the diameter is increased. 

The relative power of force apphed to cylinders of different 
diameters becomes more strikingly apparent when we reduce 
them to their equivalents of strain per squ&re inch, as appUed 
to the ends and circumference of the boiler respectively. In the 
3-feet boiler, working at 40 lbs. pressure, we have a force 
equal to 720 lbs, upon an inch width of plate, and one quarter 
of an inch thick, or 720 by 4=2880 lbs., the force per square 
inch upon every point of the circumference of the boiler. 

Let us now compare this with the actual strength of the 
riveted plates themselves, which taken as before at 34,000 Iba. on 
the square inch, we arrive at the ratio of pressure as applied to 
the strength of the circumference as 2880 to 34,000, nearly aa 
I to 12, or 472 lbs. per square inch> as the ultimate strength of 
the riveted plates. 

These deductions appear to be true in every case as regards 
the resisting powers of cylindrical boilers, to a force radiating in 
every direction from the axis towards the circumference ; but 
the same law is, however, not maintained when applied to the 
ends, or, to speak technically, to the angle-iron and riveting 
where the ends are attached to the circumference. Now, to 
prove this, let us take the 3-feet boiler, where we have about 
113 inches in the circumference, and upon this circular line of 
connexion we have, at 40 lbs. to the square inch, to sustain a 
pressure of 18 tons, which is equal to a strain of 360 lbs. acting 
longitudinally upon every inch of the circumference. Apply the 
same force to a 6-feet boiler, with a circumference or line of 
connexion equal to 226 inches, and we shall find it exposed to 
exactly four times the force, or 72 tons; but in this case it 
must be borne in mind that the circumference is doubled, and 
consequently the strain, instead of being in the quadruple 
ratio, is only doubled, or a force equal to 720 Iba. acting 
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longitudinally &s before upon every inch of the circumference of 
the boiler. 

Again, if we refer to the comp&rative merits of the plates 
composing cylindrical vessels subjected to internal pressure, they 
will be found in this anomalous condition, that the strength in 
their longitudinal direction is twice that of the plates in the 
curvilinear direction. This appears by a comparison of the two 
forces, wherein we have shown that the ends of the 3-feet 
boiler, at 40 lbs. internal pressure, sustain 360 lbs. of longitudinal 
strain upon each inch of a plate a quarter of an inch thick ; 
whereas plates of the same thickuess have to bear in the curvi- 
linear direction a strain of 720 lbs. This difference of strain is 
a difficulty not easily overcome, and all that we can accomplish 
in this case will be to exercise a sound judgement in crossing 
the joints, in the quality of the workmanship, and the distribu* 
tion of the material. For the attainment of these objects, the 
following Table, which exhibits the proportionate strength of 
cylindrical boilers from 3 to 8 feet in diameter, may be useful*. 

Table of equal strengths in Cyhndrical Boilers from 3 to 
S feet diameter, showing the thickness of metal in each 
respectively, at a pressure of 450 lbs. to the square inch. 
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Boilers of the simple form, and without mtemal fluea, are 
subjected only to one species of strain ; but those constructed 



* In tbifl diicuMioii we hme not taken into account the effect that boilen 
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vith internal flues are exposed to the same tensile force which 
pervades the simple form ; and Luther, to the force of com- 
pression which tends to collapse, or crush the material of the 
internal flues. In the cylindrical boiler with round flues, the 
forces are divei^g &om the central axis as regards the outer 
fihell, and converging as applied to every separate floe which 
the boiler contains. 

These two forces in a steam-boiler are in constant operation ; 
the tendency of the one being to tear up the external plates and 
force out the ends, and the other to destroy the form and to 
force the material into the central area of the flues. These two 
forces operate in a widely different manner upon the resiatbg 
powers of the boiler, which, taken in the direction of its exterior 
envelope, has to resist a tensile strain operating in every direction 
from within, and the internal flues, acting as an arch, offer a 
powerful resistance to compression from without. It might be 
instructive as well as interesting to exhibit the nature of these 
powers, and determine the law by which vessels of this descrip- 
tion are retained in shape ; but this can only be done by experi- 
ment, and as these experiments would have to be conducted upon 
a large scale, and with great accuracy, in order to arrive at satis- 
factory results, we must abandon the idea for the present, and 
content ourselves with such information as we already possess. 
At some future period I may poasibly devote my attention to 
this aubject; it is one of great importance, and a aeries of well- 
conducted experiments would, I make no doubt, supply valuable 
data in the varied requirements of boiler construction, and their 

constructed with central flues wiU have iipoiL the flat ends in diminishing the 
strain upon the anterior or the exterior circumference vhere the endft arc 
united to the cylinder. On the contrary, 1 have purposely omitted that 
element of fttrcngth in the calculatioo, and for the soke of iUnatnttion I have 
aaaumed that the boiler has no iDternal fluea, and that the circumference U 
subjected to the whole strain in the ratio— as before noticed — of the squares 
of the diatneten- In cases where boilers are constructed with internal flaes, 
there will be this advantage as regards strength ; namely, that the outer sheU 
will be relieved from a longitudinal strain to the extent of their respcctiTe 
areaa or circumferencea- 
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comparative powers of rcsiataticc to the united force of tension 
an[l rompressioM, 

From Uie existing state of oiir knowledge, we must reat 
fiatist^cd with the fnct, tiiat the rc&isting powers of cylindrical 
flues to comprpsaion vn\] be inversely a,s their diameters ; and 
we may thLTL'fore conclude that a circular flue, IS inclies in 
diameter, will resist double the pressure of one 3 feet in dia- 
meter. Hepce it follows that the resistance of wrought-iron 
platf^ cf the cinnikr fonn is to the force of compression 
inversely as their diameters — the same, but with greot^ly dimi- 
nished powers, as compared with the resistniice of wTougbt-iron 
cylindrical plates to tension. 

To show the amount of strain upon a higli- pressure boiler 
30 feet long, G feet diameter, having two centre flues, each 
S feet 3 inches diometer, working at a preasurc of 50 Iba, on 
flic scjunre inch or 7200 Ihs. [ler aq, ft., we have only to multiply 
the number of square feet of surface, 1030, exposed to pressnre, 
by 7500, and we have the force of 3319 tons» which a boiler 
of these dimensions has to sustain. 1 mention this to show 
that the statistics of pressure, when worked out, are not only 
curious in themselves, but instructive as regards a knowledge 
of the retaining powers of vessels so extensively used, and on 
which tlie bread of thousands depends. To pm^ue the subject 
a little further, let us suppose the pressure to be at 450 lbs, 
on the square inch, which a well-constructed boiler of this 
description will bear before it bursts, and wc have the enormous 
force of 29371, or nearly 30,000 tons bottled up within a 
cg'linder 30 feet long and feet dianiotor. 

This is, however, inconsiderable when compared with the 
locomotive, and some iijarinc boilers, which, from the number 
of tubes, present a much larger extent of surface to pressure. 
Locomotive engines are usually worked at 80 to 100 lbs, on the 
inch ; and, taking one of the usual construction, we shall find 
at 100 lbs, on the inch that it rushes forward on the rail with a 
pent-up force, within its interior, of nearly 00,000 tons, and this 
force IS rather increased than diminished at an accelerated sj>eed. 
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In a stationary boiler cha^d with steam at a given preaaurej 
it is evident that the forces are couoteracted by the resistance 
of the plates, and the strain being the same in all directions, 
there will be no tendency to motion. Supposing, however, this 
equilibrium to be destroyed by accumulative pressure till rupture 
ensues, it then follows that the resisting forces in one direction 
having ceased, the others in an opposite direction being active, 
would project the boiler from its seat with a force equal to 
that which is discharged through the orifice of rupture. The 
direction of motion would depend upon the position of the 
ruptured part. If in the line of the centre of gravity, motion 
would ensue in that direction ; if out of that line, an obhqne 
or rotatory motion round the centre of gravity would be the 
result. 

The quantity of motion produced in one direction would be 
equal to the quantity of motion in the opposite direction ; and 
the velocity with which the body would move would be in the 
ratio of the impulsive force, or force of explosion through the 
mpture. These inveatigatious are, however, more in the pro- 
vince of the mathematician, and may easily be computed from 
the well-known formnlfe of accumulated work*. 

We now come to the rectangular forms, or flat surfaces, which 
are not so well calculated to resist pressure. Of these we may 

* Let f = the number of cubic feet of steam in the boiler at the moment 
of eiploaioQ ; P ita preuure per aquftrc inch ; P^ the prcsAure of the eiCenud 
air ; W the weight of the boiler in Ibs-, together with the material con- 
nected with it ; V the velocity in feet per second produced in this maas 
hf the recoil of the explosion; theui b^ Tate's 'Mechanlca] Philosophy 
applied to Industiial Mechanics/ pages 58 and 32S, we have 

The work accumulated in the mosa by the recoil of the eiploaion = - - - . 

p 

The work doe to the expansion of the steam=:144sP log ^ . Suppoung 

the motion of the maea to take place in the direction of the line of diacharge, 
we have 

— =144,Plog-. 



v^ 
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inalani*^ the fire-box of the locomotive boiler, tlie sideB and fluea 
of marine Ixjilcrs, — the latter nf wliich, by the bye. urc now 
superseded by tboae of the tubular fonii, — and the flat ends of 
the cylindricaJ boilers, and others of weaker eonstruction. 

The locomotive boiler is fretjuontly worked ujj to a yreasiirc 
of 120 lbs. on the square inch, and at times, when rising steep 
gTAdieuts, I have known the steam neai'ly as high as 200 Ibi. 
on the inch. In a locomotive boiler subject to such an i^normous 
working preaanrc, it requires the utmost care and attention on 
the part, of the engineer to satisfy liimself that the flat sm-fac^js 
of the fire-boTc are capable of reaiating that pressure, and that 
every part of the boiler is so nearly balanced in its powers of 
resistance, that when one part is at the point of niptnre, every 
other part is on the point of yidtling to the sanifi uniform forci?. 
This appears to be an important consideration in mechanical 
constructions of every kind, as any material applied for the 
security of one part of a vessel fenbject to nnifonn pressnre, 
whilst another part is left weak, is so much matt^ial ihrown 
away; and in stationary boilers, or in moving bodies, such as 
locomotive engines and steam vessels, it is absolutely injurious, 
at least so far as the parts are disprojiortlonate to each other, 
and the extra weight, when maintained in motion, becomes an 
expensive and unwieldy encumbrance, A knowledge of the 
strength of the materials used, and of sound judgement in its 
distribution, are therefore among tlie most essentia^ qualifica- 
tions of the practical engineer. Our limited knowledge, and 
defective principles of construetion, are manifest from the nume- 
rous abortions wliich exist, and althoiigli I am free to com- 
municnte all that I know on the subject, I nevertheless find 
myself deficient in many of the requirements necessary fur the 
attainment of sound principles of ronstmction. 

Reverting to the question more immediately under considera- 
tion, it is, however, essential to give the requisite security to 
those parts which, if left misnpported, would involve the pubbc 
as well as omsi-lvcs in tin- greatest jeopardy, 

The greater portion of the tire-boxes of locomotive boilers, as 
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before noticed, have the rectangular form, and in order to 
economise heat and give space for the furnace, it becomes 
necessary to have an interior and exterior sheL That whidi 
contains the furnace ia generally made of copper, Smilj united 
by rivets, and the exterior shell, which covers the £r&-box, ia 
made of iron and united by rivets, in the same way as the copp^ 
fire-box> Now these plates would of themBelves be totally 
inadequate, unless supported by rivetad stays, to BUBtoixi the 
pressure. In fact, with one-tenth the strain, the oopperfire-box 
would be forced inwards upon the furnace, and the external shell 
bulged outwards, and with every change of force these two flat 
surfaces would move backwards and forwards, like the sides 
of an inflated bladder, at Uie point of rupture. To prevent 
this, and give the la^e flat surfaces a degree of strength equal 
to the other parts of the boiler, wrought iron or copper stays, 
j to 1 inch thick, are introduced ; they are first screwed into 
the iron and copper on both sides to prevent leakage, and then 
firmly riveted to the interior and exterior plates. These stays 
are from 4 to 6 inches asunder, forming a series of squares, and 
each of them will resist a strain of about fifteen tons before it 
breaks. 

Let us now suppose the greatest pressure contained in the 
boiler to be 200 H^. on the square inch, and we have 6 x 6 X 200 
=7200 Iba. or 3^ tons, the force applied to a square of 36 inches. 
Now as tljese squares are supported by four stays, each capable 
of sustaining fifteen tons, we have 4x15=60 tons as the 
resisting powers of the stays, but the pressure is not divided 
amongst all the four, but each stay has to sustain that pressure, 
consequently^ the ratio of strength to the pressure will be as 4^ 
to 1 nearly, which is a veiy fwr proportion for the resisting 
power of that part*. 

We have treated of the sides, but the top of the flre-box and 
the ends have also to be protected, and there being no plate 
but the circular top of the boiler from which to attach stays, it 

* For a further illiutration of this subject see experiments on Locomotive 
Boller», Appeodii No. II. 
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hoa been found more convenient and ciqualJy advaiitagcous to 
seciLTc those parts by a sitries of strong wrouglit iron bars, from 
which the roof of the fire-box is suspended, and wiiich effectually 
prevent it from being forced down upon the fire. It will not 
he nec^sarj to go into the calcidatioos of those parts ; they arc, 
when riveted to the dome or roof, of sufficient strength to resiaL 
a pressure of 300 to 400 Iba. on the square inch> This is, 
however, generally speaking, the weakest port of the boiler, with 
the e>ceptioji, probably, of the flat end aboTe the tubes in the 
smoke-box, if not carefully stayed. 

In the flat ends of cylindrical boilcrB, and those of the marine 
principle, the same rule applies as regards construction, and a 
doe proportion of the parts, as in those of the loc^iriioLive boilei"s, 
must be closely adhered to. Every description of boiler used in 
niimiifactories, or on board of atconiorsi should, in my opinion, 
be couatmcted to a bursting pressure of 400 to 500 lbs. on the 
square inch; and locunotive engine boilers, which are subjecti?d 
to a much severer duty, to a bursting pressure of 700 to 800 lbs. 

It now only remains for me to state that internal Hues, such 
as contain the furnace in the interior of the boiler, Khould be 
kept as near as possible to the cyhndrical form ; and as wrought 
iron will yield to a force tending to crush it of about one-lialf 
of what would tear it asunder, the fluca should in no case exceed 
one-half tha diameter of the boiler ; and with the same thickness 
of plates they may be considered equally safe with the other 
parts. But the force of compression is so different from that 
of tension, -that I should mlvisc that the diameter of the internal 
fluca be in the ratio of 1 to 2 J, mstead of I to 2, of the diameter 
of the boiler ; if lai^er^ thicker plates must be used. 

I will not trouble you with a description of the haycock, 
hemispherical, itnd waggon-shaped Ijoilers; they are all bad as 
respects their powers of resistance, and ought to be entirely 
exploded ; 1 shall congratulate tlie public when they disappear 
from the list of those constructions which have the confidence 
of the man of scieute as well as that of the practical engineer. 

In conclusion, I have to recommend attention to a few simple 

c2 
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rules, which, if carefully observed, will lead to the moat satifl- 
factoiy results. To construct boilers as nearly as possible of 
maximum strength, I have abeady observed that they should be 
of the cylindrical form ; and where flat ends are used, they should 
be composed of plates one-half thicker than those which fonn 
the circumference. The flues, if two in number, to be of the 
same thickness as the exterior shell ; and the flat ends to be 
of thick plates carefully stayed with gussets of triangular plates 
and angle-iron, firmly connecting them vrith the circumference, 

Fig. 4. 



as in the annexed sketch. I earnestly recommend the use of 
gussets at a, a, as being infinitely better, and more certam, 
in their action and retaining powers, than stay rods. Gussets, 
when used, should be placed in lines diverging from the centre 
of the boiler, and made as long as the position of the flues and 
other circumstances in the construction will admit. They are 
of great value in reUdning the ends in shape, and may safely 
be rehed upon as imparting an equality of strength to every 
part of the structure. 

I would in conclusion again direct attention to the facts 
which I have endeavoured to explain. You will, I am per- 
suaded, find them useful ; and I trust the objects contemplated 
by the Committee of your valuable Institution will be fully 
realized, in the acquisition of greater security and, I trust, in 
the attainment of a more perfect knowledge of the principles of 
construction. 
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LECTURE n. 

ON BOILER EXPLOSIONS. 

In ft former Lecture I endeavoured to explain the principles on 
which boilers should be constructed, and the laws which govern 
the strength and other properties of these important vessels. 
The subject of constructioD is one of vast importance, and those 
forme which give the greatest security with the least quantity 
of material, must embody the true elements of construction, and 
ma; be considered as the safest examples for imitation. Boilers, 
of all other vessels, in the variety of their conditions, shapes, and 
dimensions, require the head of the philosopher as well aa the 
hands of the mechanic* They conttun, within comparatively 
narrow bounds, a force which, if properly governed, will propel 
the lai^est and most stately vessel against wind and tide; 
perform the work of a thousand hands, and drive a hundred 
cars loaded with hundreds of tons, at the speed of the swiftest 
race-horse, firom one extremity of the kingdom to the other. 
They do all this and more; ihej impart heat and comfort to 
our dwellings, — are essential in all the requirements of our 
domestic arrangements, — and under judicious management, 
advance the interests of commerce, and contribute to the enjoy- 
ments of civilized eustence, 

Reverse the picture, and entrust the construction and manage- 
ment to the hands of incapacity and ignorance, or to the reckless 
foQy and hardihood of fancied security, and death and destruc- 
tion follow as a result. When the mischief is done, we then 
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be^n to guess at the causes, and to lament the inconaiderste 
confidence^ which led to the employment of incompetency, and 
to all those errors of construction which invariably present 
themselves after the event. How often do we hear of the 
most lunentable accidents terminating in the destruction of hfe 
and property, and how o^n do we lament (when too late) the 
causes which led to those frightful catastrophes ! AU Uiese 
accidents might be prevented, and, instead of usbg steam, 
which we now do in our manufactories, at a pressure of 5 to 
20 lbs. on the square inch, we might with equal safety use it, 
and enjoy the advant^e of its superior economy, at 60 lbs. on 
the square inch. It shall be my duty to point out how this 
may be accomplished, and in Hiese endeavours I hope to have 
the support of every advocate for increased security to the 
public, and for a still greater economy in the use of steam. 

Before I attempt to give a complete solution to the various 
problems relative to boiler ezplosions, I would first direct 
attention to a few &Gts which bear more directly upon the 
question now at issue. 

Various notions are entertained as to the causes of boiler ex- 
plosions, and scientific men are not always agreed as to whether 
they arise &om excessive pressure due to the accumulation of 
heat, or to some other cause, such as the explosion of hydrogen 
gas, generated by the tlecomposition of water suddenly thrown 
on heated plates. That of the decomposition of water is, I 
believe, a somewhat prevalent opinion ; but I apprehend that 
this cannot be the invariable cause, inasmuch as in this case 
we muflt always assume the boiler to be nearly empty of water, 
and the plates over the furnace red-hot. 

It is not unreasonable that a force so sudden in its origin, 
and so immediate and destructive in its effects, should suggest 
the presence of od explosive mixture ; but I think it will be 
difficult, if not impossible, to account for the accumulation of 
a sufficient quantity of hydrogen, \rithout the presence of 
oxygen and other gases, in their due proportioDs, to form au 
explosive compound. Now as these elements cannot be gene- 
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rated all tit once by the simple tleeom position of water (admitting 
for the moment that the water is decomposed;, we muet look for 
some other cause for the fatal and destructive accidents which 
of late yejirs have become so prevalent. 

In treating of tliia subject, I hope to show not only what are 
the probable causca of explosions, but that which appears equally 
important, what are not the causes. So many general theories 
(some uf them exceedingly pioblematicul) have been brought 
forward on the occasiou of disastrons explosions, that wc must 
give the utmost care and attention to all the circumstances of 
c;ach particular case of expWiou before we can decide with n 
sufficient de^ee of confidence as to tbe actual causes tending to 
produce csplosions. To acquiixs satisfactory evidence as to the 
precise condition of the boiler and furnace before rtn csplosion, 
is next to impossible, as moat frei|uently the parties in chargei 
and from whose miflmaiiagement and neglect we may, in many 
cases, date the origin of the occ\irrcnce, ore the first to bccoroc 
the victims of their own indiscretion; and we can only judge 
from the havoc and devastation that ensue as to the immediate 
cause of the event. 

From this it follows, that in many of the explosions on record, 
few, if any, of the real circumatauees of the eases are made known, 
and we are left to draw conelufiioBs from the appearances of the 
ruptured parts, and the terrific consequences which too fre- 
quently follow. This want of evidence as to the precise con- 
ditiou of a boijer, with all its valves and mountings, preceding 
&Q explosion, is much to be regretted, as it causes a degree of 
mysteiy to surround the whole occurrence ; and the vague and 
Bometimes inaccurate testimony of witnesses often bafBea all 
attempts at research, and creates additional cause of alarm to 
all those exposed to the occurrence of similar disastci^. 

In the discussion of this subject I shall, however, endeavonr 
to trace, from a number of cases in which I have been per- 
sonally engaged, and from others which have come to my know- 
ledge, the causes which have led to these disastroLis effects ; nn<l 
provided that I am successful in the discovery of the true origin 
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of the majority of those occurrencea, we shall have less difficulty 
in devising and applying the necessary remedies for their pre- 
vention. 

In my attempts to ascertain facts by a course of reasoning 
which I shall have to follow in this investigation, I wish it to 
be understood that it is not my intention to raise doubts and 
fears in the public mind, calculated to arrest the progress of 
commercial entorprise, or to cripple the enei^es of mechanical 
skill. On the contrary, I am most anxious to promote the ad* 
vancement of the useful arts, to increase our confidence in the 
application of increased pressure, and to secure within moderate 
bounds the economical and useful employment of one of the 
most powerful agents ever known in the history of practical 
science. My object in this inquiiy wiU, therefore, be to 
enlarge our sphere of action by a more comprehensive knowledge 
of the subject on which it treats ; to enforce the necessity of 
greats caution along with improved construction; and to 
ensure confidence in all those appliances essential to the public 
security. 

For the attainment of these objects it will be necessary to 
divide the subject into the following heads : — 

1st. Boiler explosions arising from accumulated internal 
pressure. 

2nd. Explosions from deficiency of water, 

3rd, Explosions produced from collapse. 

4th. Explosions from defective construction. 

5th. Explosions arising from mismanagement or ignorance; 
and 

6th. The remedies applicable for the prevention of these 
accidents, 

1st. Boiler ewplosiQus arising Jrom acciimylaied internal 
prcsmire. 

In nine cases out of ten, a continuous increasing pressure of 
Bteam, without the means of escape, is probably the immediate 
cause of explosion ; in some instances it arises from deficiency 
of water, but acciHents of this kind arc comparatively few in 
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number, os we often find, in tracirg the causes, that Lliey have 
their origin lu imdue pressure, emanating from progressive accu- 
mulation of steam of great pressun; and density. A large 
boiler under the influence of a furnace in active combustion 
wiU generate tm immense quontily of steam ; and unless Ihia ia 
earned oft" bj the safety-valve or the usual chnnnt^ls when so 
generated, the gr(?atest danger may be apprehended by tht? 
continuous increase of pressure that is taking place within the 
boiler. Suppose that, b^om some cause, the steam thus aeeu- 
mulated does not escape witli the same rapidity with whieli 
it is generated, — that the aafety-valves are either inade<|uate 
to the full diaehar^o of the 8ur|}lus steam, or that they ore 
entirely inoperative, which is sometimes the cnse, — and we 
have at once the clue to tht; injurious conaeqiieneea wliich, as 
a matter of fact, arc sure to follow. The event may be delayed, 
and repeated trials of the antagonistic forces from within, and 
the resistance of the plates from without, may occiu: without 
any apparent danger, but these experiments often repeated will 
at length injm'e the resisting powers of the material, and the 
ultimatum will be the arrival of the fatal moment when the 
balance of the two forces is destroyed, and explosion ensues. 
How yery often do we find this to be the true cause of acci- 
dents arismg from extreme internal pressure, and how very 
easily these accidents might be avoided by the atlaclmient of 
proper safety-valves to allow the steam to escape, and relieve 
the boiler of those sovorc trials wliieh idtimately lead to destruc- 
tion 1 if a boiler whose generative power is eiiiud ta 100, be 
worked at a pressnre of 10 lbs. on the square inch, the area of 
the safety-valves should also be equal to 100, in order to prevent 
u continuous increase of pressure ; or in cose of the adhesion of 
any of the valves, it is desirable that tbeir areas should, collec- 
tively, be equal to 100. If two or more valves are used, lOO 
or 120 woidd then be the measure of the outlet*. Under these 



* Thifi may be stated in otb«r wurdi. viz, tbat the generative ^cwcrs of 
A buil^r bping rqtinl to a gi^en number of ^qunre inr^hea of orva, saj 50, tbe 
4rc« of tke safetv-valvc «huu[d oloo be 50. 
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precautions, and with a bcoler so constracted, the risk of acd* 
deDt ifl greatly diminished ; and, provided one of the valves ib 
kepi in working order, beyond the reach of interference by the 
engineer, or any other person^ we may venture to assume that 
the means of escape are at hand, irrespectively of the temporary 
stoppage of the usnal channels for carrying off the steam. 

So many accidents have occurred from this causo — the defec- 
tive state of the safety-valves^ — that I must request attention 
whilst I enumerate a few of the most prominent cases that have 
come before me. In the year 1845 a tremendous explosion 
took place at a cotton-mill in Bolton. The boilers, three in 
number, were situated under the mill, and from the unequal 
capacity and imperfect state of the safety-valves (as they were 
probably fast), a terrific explosion of the weakest boiler took 
place, which tore up the plates along the bottom, and, the steam 
having no outlet at the top, not only burst out the end next the 
fiimace, demolishing the building in that direction, but tore up 
the top on the opposite side, and the boiler was projected up- 
wards in an obhque direction, carrying the floors, walls, and 
every other obstruction before it; ultimately it lodged its^ 
across the raOway at some distance &oin the building. Looking 
at the disastrous conaequences of this accident, and the number 
of persons (&om 16 to 18} who lost their lives on the occasion, 
it became a subject of deep interest to the community that a 
close investigation should immediately be instituted, and a re- 
commendation followed that every precaution should be used in 
the construction as well as the mau^ement of boilers. 

The next fatal occurrence on record in this district was 
at Ashton-under-Lyne, where a boUer exploded under similar 
circumstances, namely from excessive interior pressure, when 
four or five lives were lost; and again at Hyde, a similar 
accident occurred from the same cause, which was s^rwards 
traced to the insane act of the stoker or engineer, who pre* 
vented all means for the steam to escape by tying down the 
safety-valve. 

There was a boiler explosion at Malaga, in Spain, some years 
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since, and my reason for noticing it in this place is to ehow that 
cipiosions may be appreticDdcd &oiu other causca than tii09C 
f^Diiiut^mted in the divisious iif Uiia inquiry^ and one of tLeae ia 
inerustation. Dr, Ritterbraiidt says, iii a paper read before the 
Institution of Civil Engineers, by an eminent chemist, Mr West, 
"That a sudden cTolution of steam under circnmstancea of 
incmstatioD is no uncommcu occurrence-" In several instances 
I have known this to be the case, particularly in marine boilers, 
where the incruatation from ealt water bccomca u serious grie- 
vance, botli as r^ards the duration of the Ixjiler and the 
economy of fuel. 

If it were supposed, as Dr. Rittcrbrandt observes, that the 
boiler was incnisted to the cxknt of half an inch, it would at 
once be seen that nothing was moro easy than to heat tlie boiler 
strongty> even to a red heat, without the immediate contact of 
water. Under thc% circiunstances, the hardened deposits being 
finnlj attiiched to the plates^ and forming an imperfi'cl con- 
ductor of heatj would tend greatly to increase the temperature 
of the iron, and llic ddfi^rence of temperature thus induci^d 
between the iron and the incrustation, and the greater expansi- 
bility of the iron, would cause the incrustation to aeiiarate from 
the plates, and the water rushing in between them would gene- 
rate a considerable charge of higldy elastic steam, and thus 
enduBger the security of the boiler. 

These pha^nomena were singularly exemiilified in the Malaga 
explosion, which is thus described by Mr. Hick :— " 1 have ascer- 
tained that a very thick incrustation of salt was fory.ied on the 
lower part of the boiler, immediately over the fire, and so far as 
it extended the plates appear to have been red-hot, bobig thereby 
mueh weakened, and hence the explosion. The ordinary work- 
ing pressure of the boiler is 130 lbs. per square inch, and per- 
haps at the time of the explosion veiy much above that pressure, 
as there was only one small safety-valve of two tmd a half inches 
diameter. The bciler was only 2 feet 6 inches diameterj aud 
*20 feet long." 

Incrustation, e.\ctu&iv€ly of being dangerous, is attended with 
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great expense and injury to the boUer in its removal. In the 
case of the transatlantic, orientf^^ or other long sea-going vessels, 
even after the use of brine-pumps, blowing out, &c., a very lai^ 
amount of incrustation is formed, and considerable sums of 
money are expended each voyage to remove it. 

Other explosions of a more recent date are those which 
ocGuired at Bradford and Halifax, They are still &esh in Uie 
recollection of the public mind, and are so well known as not to 
require notice in this place*. 

I cannot, however, leave this part of the subject without re- 
verting to an accident which occurred on the liancashire and 
Yorkshire Railway, which had its origin in the same cause^ 
excessive internal pressure: This accident ifl the more peculiar 
as it led to a long mathematical disquisition as to the nature of 
the forces which produced results at once curious and interesting. 
The conclusions at which I arrived, although pracHcaUg fights 
were, hQwever^ considered by some mathematicaliy u>roriff, as th^ 
were firmly combated by several eminent mathematicians ; but 
notwithstanding the number of algebmc formulae, and the 
learned discussions of my Mends on that occasion, I have been 
unable to change the opinions I then formed. 

The accident here alluded to occurred to the "Irk" locomo- 
tive engine, which in February 1845 blew up and killed the 
driver, stoker, and another person who was standing near the 
spot at the time. A great difference of opinion as to the cause 
of this accident was prevalent in the minds of those who wit- 
nessed the gxplosion, some attributing it to a crack in the copper 
flre-box, and others to the weakness of the stays over the top. 
Neither of these opinions was, however, correct, as it was after- 
wards demonstrated that the material was not only entirely free 
from cracks and flaws, but the stays .were proved sufficient to 
resist a pressure of 150 to 200 lbs. on the square inch- The 
true cause was afterwards ascertained to arise from the fastening 

* Since tbe above was written another terrific eiploHioa has taken place at 
l^chdale, accompanied with great loss of life. See Report on the Rochdale 
Boiler ExpLosioDj July 15th, 1654. Appendix No. HI. 
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dowii of the sttfety-volvc of the engine (an nctivc fire biding in 
operation under the boiJer at the tiiiie)» which was under the 
aheJ, with the steam up, ready to start with the early inomiug 
train. The effect of this waa the forcing down of the top of the 
copper fire-box upon the blazing eiubera of the fiimace^ wliich, 
acting upon the principle of tlie rocket, elevated the boiler and 
cn^e of 20 tons weight to a height of 30 feet, which, in its 
ascent, made a aummeraault in the air, passed through the roof of 
the shed, and ultimately landed at a distance of f>0 yards from 
its original position. The tjuestiou which excited most interest, 
was the absolute force required to fracture the fire-box, its 
]>eculiar properties when once liberated, and the clastic or con- 
tinuous powers in operation, which forced tlie engine from its 
place to an Elevation of 30 feet !rom. the position in which it 
stood. Ad elaborate mathematical discussion ensued rehtive to 
the nature of these forces, which ended in the opinion that a 
pressure sufficient to rupture the fire-box, was, by its continuous 
action, aufficient to elevate the boiler and produce the results 
which followed. Another reaaon w/ia assigned, namely, that an 
accumulated force of elastic vapour, at a high temperature, with 
no outlet throngh the valves, having suddenly burst upon the 
glomng embers of the furnace, would charge the products of 
combustion with their equivalcnta of osygcn, and hence explo* 
nion would follow. Whether one or Iroth of these two causes 
were in operation is difficult to determine ; at all events, we 
have in many instances precbcly the same results produced 
frono similar causes, and unless greater prccantion is used in 
ihe prevention of exc*?3sive pressure, we may naturally expect 
a repetition of the aamo fatal consequences. 

The preventives against aecidenla of this kind are» well con- 
structed boilers of tht; strongest form, and duly proportioned 
sofely -valves ; one under the immediate control of the engineer, 
and the other, as a reserve, under the keeping of some com- 
petent authority, 

2nd. Krpiaxhirg from df^cif^cjf of wafer. 

Thia division of the subjoet requires the utmost care and 
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attention, as the circumatance of boilers being short of water is 
DO unusual occurrence. Immineiit danger frequently arises from 
this cause ; and it cannot be too forcibly impressed upon the 
minds of engineerSj that there is no part of the apparatus con- 
stituting the mountings of a boiler which requires greater atten- 
tion — probably the safety-valves not excepted — than that which 
supphes it vnth water. A well-constructed pump, and self- 
acting feeders, when boUers are worked at a low pressure, are 
indispeuBable ; and where the latter cannot be applied, the glass 
tubular gauge, steam, and water-cocks must have more than 
ordinary attention. 

In a properly constructed boiler every part of the metal ei- 
posed to the direct action of the fire should be in immediate 
contact with the water, and when proper provision is made to 
mainttun the water at a sufficient height above the plates so 
exposed, accidents can never occur from this cause. 

Should the water, however, get low from defects in the pump, 
or any stoppage of the regulating feed-valvea, and the plates 
over the furnace become red-hot, we then risk the bursting of 
the boiler, even at the ordinary working pressure. We have no 
occasion, under such circumstances, to search for another cause, 
&om the fact that the material when raised to a red heat has 
lost about five-sixths of its strength, and a force of less than one- 
sixth will be found amply sufficient to bear down the plates 
direct upon the fire, or to burst the boiler. 

An erroneous opinion has gone abroad that boilers are burst 
from the production of hydrogen gas, and that when suddenly 
replenished with water when the plates are in a state of incan- 
descence or red-hot. Now there cannot be a greater fallacy than 
this, as it can be shown that water poured upon hot plates in 
a close vessel resolves itself into steam ; the experiments of the 
Committee of the Franklin Institute, as well as the evidence of 
Mr, Pearsall — a pupil of Faraday's — given in his examination at 
Hull on the bursting of the Union Steam Packets boiler, con- 
firm this opinion. That gentleman states, that "in his opinion 
it could not have taken' place, if the boiler had been sufficiently 
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sttpplied with water, unless the stt^m generated was prevented 
escaping by some great force wliich would hold this anfety-valve 
fastened down or obstructed. I consider the imracdiatc cause 
of the bursting of the boiler to have been the expansive power of 
fltcani, becauae steam is capable of producing any such efiecls, 
I am moat decidedly of opmiou that it did not oriBC from gas. 
My reaaona for that opinion are, that altliough water is decora- 
posed rapidly by red-liot iron, yet it requires that the surface 
of the mm shoidd be in a metallic Btate ; a new boiler is nearly 
in that condition, but not quite so - there is just the chance that 
if a new boiler were employed, and any pure water atlniittcd in 
small quantity, so as to allow portions of the boiler to become 
red- hot, then water might become decoraposodj but such cir- 
omistaoces would at the same time be sulhcient to generate an 
incalculable amount of steam. Such explosion, therefore, would 
arise from mixed causes — such as the prcEeiico of the gaa, and tlic 
enormous amount of steam and its great pressure, I cannot aup- 
pofie a case where auch decomposition of water and evolutiOEi of 
gas would take plEtce, where such water is employed as that of 
the Humber, or as that fumished by the ocean. Such gae 
would uot be inflauimablc of itself; there must be the presence 
of atmospheric air or oxygen, and of flame or a substance heated 
to a very high degree," 

Such arc the opinions of a gentleman whose education and 
pursuits enabled him to arrive at a correct conclusion ; and I nra 
firmly persuaded that no explosion can possibly take place from 
the production of hydrogen gas, even assuming this to occur, 
without its equivalent of atmospheric air or oxygen. In a close 
vesflelj such as a boiler^ atmospheric air is inmhnissible; and 
how ia it possible that an explosive misliu'o can be formed 
under circumstances so extromely adverse to such an hypotheais ? 
1q fact, 1 am of opinion that we have no foundation for such a 
theory, nor have we the least shadow of evidence to prove the 
presence of hydrogen gas in a boiler. 

When a boUer becomes short of water, the first, and pcrliaps 
the moet natural act, is to run to the feed-valve and pull it 
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wide open. This certainly remedies the deficiency, bat increases 
the danger, by suddenly pouring upon the incandescent plates 
a lai^e body of water, which, coming in contact with a reservoir 
of intense beat, is calculated to produce highly elastic steam. 
This has been hitherto controverted by several eminent chemists 
and philosophers; but I make no doubt that such is the case, 
unless the pressure has forced the plates into a concave shape, 
which for a time would retard the evaporization of the water 
when suddenly thrown upon them. Some curious experimental 
facts have been elicited on this subject, and those of M. Bou- 
t^y, and Professor Bowman, of King's College, London, show 
that a small quantity of water projected upon a hot plate does 
not touch it ; that it forn^ itself into a globule surrounded with 
a thin fihn, and rolls about upon the plate without the least 
appearance of evaporation. A repulsive action takes place, and 
these pkenomena are explained upon the supposition that the 
spheroid has a perfectly reflecting surface, and consequently the 
heat of the incandescent plate is reflected back upon it. What 
is, however, the most extraordinary in these experiments, is the 
fact that the globule, whilst rolling upon a red-hot plate, never 
exceeds a temperature of about 204° of Fahrenheit; and in 
order to produce ebullition, it is necessary to cool the plate 
until the water begins to boil, when it is rapidly dissipated in 
steam. 

The experiments by the Committee of the Franklin Institute 
on this subject, give some interesting and useful results. That 
Committee found that the temperature at which clean iron vapo- 
rized drops of water, was 334*^ Fahrenheit. The development 
of a repulsive force which I have endeavoured to describe was, 
however, so rapid above that temperature, that drops which 
required but one second of time to disappear at the temperature 
of maximum vaporization, required 152 seconds when the metal 
was heated to 305° of Fahrenheit. The Committee goon to state 
that " One ounce of water introduced into an iron bowl three- 
sixteenths of an incli thicVj and supplied with heat by an oil- 
bath, at the temperature of 540°, was vaporized in fifteen 
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seconds, while at the initial teTiiperature of 507°, that of the 
most rapid evaporjzalion was thirteen seconds," 

The reduction of the temperature of the meta] is here followed 
b^ an increase in the rapidity of the evapcfrization, which by a 
reduction of 38*^ is effected in thirteen seconds instead of fifteen 
seconds. 

This docs not, howcvcTt hold good in every case, as an in- 
creased (juantity of water, say from one-eighth of an ounce to 
two ounces, thrown upon heatcti plates, raised the temperature 
of vaporiaation from 46U** to 600° Fahrenheit i thus clearly 
showing that the time required for the generation of explosive 
^jteani under these circumstances is attended with danger; Wd 
it may be doubted whether the ordinarj' safety-valves are fully 
adequate for its escape. 

Numerous examples may be quoted to show that explosions 
from deficiency of water, although less frequent than those 
arising from undue pressure, are by no means uncommon. They 
arc nevertheless comparatively few in number, and the preven- 
tives are good pumps, self-acting feedera (when tliey can be 
applied), and all those boiler appendages, stieh as water cocks, 
water gauges, floats, alarms, and other indicators of the loss and 
reduction of water in the boiler. 

3rd- Ej'pifmons proditrA'd/rom cot/apue^ 

Accidents from this cause can scarcely be called explosioos, 
na they arise, not from internal force which bursla the boiler, 
but from the authlen aetion of a vacnnni within it. In high- 
pressure boilers, from their superior strength and circidar form, 
theae accidents seldom occur, and the low-pressure boiler is 
effectually guarded against it by a valve whicb opens inwards 
by tlie pressure of tlif^ atmospheric whenever a vacuum w^cura. 
In Home cases a collapse of the internal flues of boilers has been 
known to take place, from a partial vacuum within them, which, 
united to the pressure of the steam, has forced down the top 
and sides of the flue, and with fatal effect disehai'ged the con- 
tents of tlie boiler into the ash-pit, and destroyed and scalded 
evcrytiiiug before it. A drcumatancc of this kind occurred oa 
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the ^rhames on board the steamer Pietoria, eome years aince, 
wbeB a number of persons lost their lives, and serionfi iDJury 
was sust^ed by persons in all parts of the vessel within reach 
of the steam. This accident could BOt, however, be called 
an explosion, but a collapse of the internal flues, which were 
of large dimensions, and the consequent dischai^ of lai^ 
quantities of steam and water into the space occupied by the 
engines. 

One or two cases which bear more directly on this point are, 
however, on record, and one of them, which took place in the 
Mold mines, in Flintshire, waa attended with explosion. The par- 
ticulars, as given by Mr. John Taylor, will be found circumstan- 
tially recorded in the first volume of the Philosophical Magasine, 
2ndser.,p. 126, This occurrence seems to prove that rareEEiction 
produced in the flues of a high-pressure boiler may determine 
an explosion. The boiler which exploded belonged to a set of 
three boilers which feed the same engine; the fuel used was 
bituminous coal. The lumace-doors of all three of the boilers 
had been opened, and the dampers of two had been closed, wh^ 
a gust of Same was seen to i^ue from the mouth of the fttmace 
of these latter, and was immediately followed by an explosion. 
The interior flue of this boiler waa flattened from the sides, the 
flue and shell of the boiler remaining in their places, and the 
safety-valve upon the latter not being injured. 

Similar cases of collapse might be mentioned, but as most of 
them were attended by a defective supply of water in the boiler, 
the plates over the fire having become heated, they can scarcely 
be included in the category of this class of accidents, and more 
properly belong to those of which we have just treated,— explo- 
sions from a deficiency of water in the boiler. 

It is nevertheless necessary to observe, that cases of collapse 
should be carefully guarded against, as the great source of 
danger is in the escape of hot water, which, with the steam 
generated by it, produces death in one of its worst and most 
painful forms. 

The remedies for these accident will be found in the vacuum 
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vaivc, and in tlic cartful coiistnirtioii of t.lic flirt^s witli respect 
to their funn as Wi'll its tbeir strength, 

4th. Explosions /ronr defective comtrudion. 

This is perhaps one of the most important divisions that can 
possibly engage our atti'nt.ttjii. and on wliich it slmll hu my dnty 
fi> tnlarge. In a previous iiitjuiry, I hnve already shown the 
nature of the gtroiu which boilcrfi undergo, and the ultimate 
resistance which the material used in their construction is able 
tjj bear We liavr; not, however, in all ejiSLis, shown tliu distri- 
bution and position in whieh that material should be plac^l 
in order to attain the maximum of strength, and to afford to 
the public the greatest security in the resisting |TOwerH of vessels 
subject to severe and sometimes ruinous pressure, This is a 
subject of aueh importance that I shall be under the necessity of 
Irespasaing upon yotu* time, in endeavouring to point out tlie 
nilvantages pei^nlijir t'J form, and to the use of a sound and 
perfect system of coustmction. 

For ft niuubcr of years the haycock, hemiapherieo]. and 
waggon-shaped boilers were those generally in use -, and it was 
not until high'|jresflure steam was first introduced into Ctim- 
wall, that the cylindrical form with hemispherical ends, and the 
f^imacc under the boiler, came into uac. Subsequently this 
gave way to the introduction of a large internal flue extending 
the whole length of the boiler, and iu this the furnace was 




placud. For many years this was the best and most economical 
liuihT in Cornwall, and its ininKluction into this country has 
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effected great improvement a in the economy of fuel as well ae 
in tie strength of the boiler. Several attempts have been made 
tc improve this boiler by cutting away one-half of the end, in 
order to fldmit a larger fiu-nace. This was first done by the 
Butterley Company, and it has since gone by Ibe name of the 
Buttcrlcy boiler. This construction has the same defects as the 
haycock or kemi^herical- and waggon-shaped boders i it is weak 
over tbe iire-place, and cannot well be strengthened without in- 
juiy to the part a, fig. 5, of the boiler, from the vast number of 
stays neceasary to suspend the part which forms the canopy of 
the furnactf. Of late years a much greater improvement has, 
however, been effected by the double flue, B B, fig. 6, and double 




furnace boiler^ which is now in general use, and has nearly 
superseded all the other constructions. It consists of a cylinder, 
varying Erom 5 to ^ fett in diameter, with two flues whicli 
extend the whole length of the boiler; they arc perfectly cyhn- 
drical, and of sufficient magnitude to aiiniit a furnace; in each. 
This boiler is the simplest, and probably the most effective, that 
bos yet been constructed. It presents a large flue surface OB 
the recipient of heat, and the double flues, when riveted to the 
flat ends, add greatly to the security and strength of those parts. 
It moreover admits of the new process of alternate firing, so 
highly conducive to perfect combustion, and the prevention of 
the nuisance of smoke. 

Another boiler, into winch a number of small tubes are in- 
troduced, exhibits a powerful generator of steam, from the 



ON BOILER EXPLOSIONB. 



37 



extent of its fliic surface, and tlie facility with which the repaira 
can be effected. It does not present huj greater sei^iirity against 
explosion than the boiler with two flues, but its construclion 
on the tubular eystem effects a great saving in apace, and is 
otherwise productive of all the advautagea of economy in the 
conauuiption of fuel and tlie prevention of amolLe. This boiler 
is constructed with a large internal flue, divided in the middle, 
which admits of two fire-plocca and alternate firing. In the 
space which I coll the mixing cbamber the products of combus- 
tion amalgamate, and are thus ignited before they enter the 
tubed, and from which they issue into the end flues, and from 
thence to the chinmey in the usual waj. In this respect it will 
be observed that the boiler has the same form as the boiler last 
described, and contains the same elements of strcogth as the 
double-flue boiler, the only dificrence being a combination of 
the locomotive and marine tubular system, which contains a 
large absorbent heatini^ surface in a small space*. 

It will not be necessary to multiply examples of conetniotion, 
as I have already described those which I consider best calculated 
to sustain severe pressure. When the parts of these boUei^ 
are judiciously and skilfully crranged, with a grate bar surface 
well proportioned to the amount of flue surface as the recipient, 
we Qiay reasonably conclude that wc are not far Ironi the majci- 
mum of strength, including other important elements in the 
material, and the consumption of fuel. 

The means necessary to be employed in this department of 
the inquiry for the prevention of ucx;idents, are a knowledge of 



* Id Aome cues it lia« b^n found neceaau^ to extend tbe clrculatloQ of 
the beattd cmreDts, as they Uaue fiQia t\n- tubes, round tte boiler in the 
UBtul WRj, in nrder to pn^veiit the escape of too much heat up the chimney. 
TLb abowB thnt the recipieat surface of the tubea h iaaufficicnt under 
the proi-e&! of icCive combuatioTi, and ib {probably unother reason for the 
LuU^uctioQ of increased boiler surface; it beiog CTident tbnt time ja an 
imcortiuit elemeal in the prot^eaa of eeonomical tvorhmg : and provided this 
luu ta be accompliabed, the abnorbcul Hurfacea ujUft be enlarged tu tbe 
ext«iit of reducing the temperature of the heated producta aa they leave the 
boUer to 5Q(f or 600" of Fahrenheit. 
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the piindplea of construction, and an acquAintaiioe witli the 
strength &nd properties of the mBteriala used for that purpose. 

5th. Ea^dostons aridngfrom mismanagement or ignorance. 

To mismanagement, ignorance, and the misapplication of a 
few leading principles in connexion with the use and application 
of steam, may be traced the great majority of accidents which 
from time to time occur. Many of these accidents, so fruitful 
in the destruction of property and human life, might be pre- 
vented, if we had well-constructed vessels, judiciously united to 
skill and competency in the management. To conv^ a few 
practical instructions to engineers, stokers, and engine-men, 
would be an undertaking of no great difficulty. A young man 
of ordinary capacity would leam all that is necessary in a few 
months ; and if placed mider competent instructors, he might 
be made acquainted with the properties of steam, — its elastic 
force at different d^rees of pressure, — the advantages peculiar 
to Bensitive and easy-working safety-valves, — the necessity for 
keeping them clean and in good working condition,'^the use tA 
vrater gauges, fusion plugs, indicators, signals, &c., &c., as con* 
nected with the supply and height of water in the boiler, — the 
dangers to be apprehended from a scarcity of wat^r, — the dang^ 
of explosion when the engine is standing, or when the usual 
channels for relieving the boiler of its surplus st^am arc stopped. 
The stoker, as well as the engineer, should be thoroughly 
acquainted with all these parts of elementary instruction ; and no 
proprietor of a mill, capttun of a stoam-ship, or superintendent 
of locomotives, should give employment to persons unless they 
can produce certificates of good behaviour, and a knowledge of 
these and other elementary principles of their profession. 

If these precautions were adopted, and greater care observed 
in the selection of men of skill and responsibility in the construc- 
tion of boilers, together with a more strict and rigid code of laws 
in the management of the engine, we might look forward with 
greater certainty to a considerable diminution, if not a preven- 
tion, of those calamitous events which so frequently plunge whole 
families iuto moumhig by unexpected and instantaneous death. 



ON BOILER EXPLOSIONS. 89 

Aa an TndiviJual duty, I woulJ cheerfully lend ray best assist- 
aace lo the development of a sound principle of instruction cal- 
culated to relieve the country of the ignorance which pcnades 
timt part of the conimuinty on which the lives of so many depend, 
A rej^olutiou on llie part of those who employ persoue of this 
di:scription, and whoae interests are so much at stake, to employ 
only those persona whose knowJedgo and character come up to 
the requisite standard, and to jmy them adequately, would soon 
produce, from the economy of tlie management and tlie in- 
creased security of the property, the moat satisfactory results. 
How often do we find implements of dangcPj and vessels con- 
taining the elementfi of destmction, in the hands of the most 
ignorant and reckless practitioners^ whoac insensibility to danger, 
and total incompetency to judge of its presence, render them 
al>ove all others the moat unfit to be employed! And why? 
Because they are the very persons, from their defective know- 
ledge, to increase the danger and aggravate the evils they were 
vclected to prevent. It is not the first time that engineers, to 
secure (if I may use the exprcaaion) an insane pressim?^ have 
fastened the safety-valves, and screwed down the steam-valve, 
dosing evcrj- outlet, without ever thinking of the fire that was 
blazing under the boiler. Under such circuiiistancea what conld 
be expected but a blow-up ? A mudnmn rushing wilh a lighted 
Dmt^h into a powder magazine could not act with greater in- 
sanity. Sucli. however, baa been the case, and this has resulted 
from waul of thought, or what is worse, from the total absence 
of that kind of knowledge which the employer as well as the 
workman should always posacsB- 

I have on former occasions stated that I am not an advocate 
for legislative interference either m tlie constnictiun or manage- 
ment of boilers; but seeing tbe dangerous tendency of these 
vessels wlicn placed under the control of ignorance and incapa- 
city, I would forego tnany considerations in order to secure the 
services of a more judicious and intelligent duss of men tlian 
baa hitherto been employed in the care and management of 
fitcam and the steam-engine- The rcforina necessary lo bo intro- 
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duced may be made by tbe owners of Bteam-engines, steam- 
boats, railways, and others engaged m the use and application 
of this important element. A desire to enforce more judicious 
and stringent regulations, to remunerate talent, and to employ 
only those whose good conduct and superior knowledge entitle 
them to confidence is the only sure guarantee of public safe^ 
and the prosperity of the employer. 

Lastly, The T^medie^ applicable for i&e prevention <^ accidents 
arising Jrom eaplosions. 

Having noticed in the foregoing heads most of the causes 
tending to produce boiler explosions, it now only remains for us 
to draw such inferences as will enable us to point out tbe <nr- 
cumstances which it is desirable to cultivate, and those which 
it is desirable to avoid. These circumstances I have endea- 
voured to class in such a way as to bring the subject pronu- 
nently forward, and to point out under each head, first, the 
causes which lead to accident ; and secondly, the means neces- 
sary to be observed in avoiding it. In a general summary it 
may not be inexpedient briefly to recapitulate these statements, 
in order to impress more forcibly upon the mind of those con- 
cerned, the necessity for care and consideration in the use of 
one of the moat powerful agents ever placed at our disposal. 

One of the most scientific nations of Europe places tbe greatest 
confidence, as a means of safety, in the use of a fusible metal 
plate over the furnace. These plates are alloys of tin and lead, 
with a small portion of bismuth, in such proportions as will 
ensure fusion at a temperature something below that of molten 
lead. In France the greatest importance is attached to these 
alloys, and in order to ensure certainty as to the definite pro- 
portions, the plat^ are prepared at the Royal, now the Imperial 
Mint, where they may be purchased duly prepared for use. In 
this country these alloys are not generally in use, but in this 
respect I think we are wrong, as boiler explosions are not so 
frequent in France as in this country, and high-pressure steam, 
fit>m its superior economy, is more extensively used in France 
than in England. In my own practice I invariably insert a lead 
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rivet, one inch in diameter, immediately over the fire-place, And 
&s lead melts at 540° I have invariably found these metallic 
plugs a grent security in the event of a scarcity of water in the 
boiler. I am persuaded many fbngerous cxplosjous may be 
avoided by the use of this simple and effective precaution ; and 
as pure lend melts at COO^, we may infer from this circumstance 
that notice will be given and relief obtained before the internal 
prcaaurc of the steam exceeds that of the resisting powers of the 
heated platea. As this simple precaution is so easily accom- 
plished, I would advise its general adoption. It can do no 
harm to the boiler, and may be the means of averting explosions 
and the destruction of many valuable lives. 

The fusible metal plates, as used in France, ore generally 
covered by a perforated metallic disc^ which protects the alloy 
of which the plate is composed, and allows it to oo^e through 
aa soon as the steam ha-s attained the temperature necessary to 
ensure the fusion of the plate. Tlie nature of the alloy is, 
however, somewhat curious, as the different equivalents have 
different degrees of fluidity, and the portion which is the first 
to tnelt is found out by the pressure of the steam causing the 
adhesion of the less fusible parts, but in a most imperfect stale, 
and incapable of resisting the internal force of the stenm. Hie 
result of these compouuda is, the fusion of one portion of the 
alloy and the fracture oF the other, wliich is generally biu^t by 
pressure, 

This latter description of fusible plate is different to the lead 
plug over the fire, which is fused at 600** by the heat of the 
furnace, and the other, by the temperature of the steani, when 
raised to the fusible point of the alloy, which varies from 280° 
to 350"- 

Another method is tbc bursting plate, fixed in a frame and 
attaclied to some convenient |iart of the upper side of the boiler; 
this plate should be of such thickness and of such ductility as to 
cause mptm*c whenever the pressure exceeds that of the weiglit 
on the aafety-valve. There r^n he no doubt that such an 
apparatus^ if made with a sufficiently large opening, would 
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relieve the boDer; but the objections to Hm and aeverfll otter 
devices are the frequent bursting of those pl&tt^s, and the effect 
which cvciy change of pressure has upon the material in reducing 
its jwwcrs of resifttmice, and thus increasing the uncertainly 
as to the amount of pressure in the boiler; besides, there ia 
the expense and loss of time conucotcd with the renewal of the 
plates. 

It has uln^ady been noticed that one of the isost important 
Becuritics against explosions is a duly proportioned boiler, weU 
constructed ; and to tliis must be added ample mcana tor the 
escape of the steam on every occasion when the usual channels 
have hatn suddenly stopped. The orily legitimate outlets under 
these circumstances appear to me to be the safety-valves, which, 
connected with this inquiry, are indispensable to acciirity. Eveij 
boiler should therefore have two safety-valves, any one of them 
of sufficient CTipauily to carry off the quantity of eteam generated 
by the boiler. One of these valves should be of the common 
construction, and the otlicr beyond the reach of the engineer or ^^ 
tuiy other ]H;rsoa. ^^M 

[Tig. 7 is a sketch of a lock-up aofety-valve, as constructed 
by Mr> Fairbwra. A is the valve. B ia a shell of thin broaa. 




opening on a hinge and secured by a padlock; it ia of such a 
diameter oa to allow the waste stcmn to escape in the direction 
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of the arrows. C is the weight, which may be fixed at any part 
of the lever, to give tlie desired amount of pressure, but which 
cannot be 6xed or altered unkss the boUer is opened to olloir a 
Ulan to get inside. D is a hnndlc, having a long slot, by which 
the valve may be relieved or tried at any time, to obviate the 
liability of iLs comxUng or being jarnincil; the engineer can- 
not, however, put any additional weight upon the valve by this 
haodk.] 

Whilst tracing the causes of cxploaions from a deficiency of 
water in the 1j<iiler, I have nx'onj mended as ihe usual pn> 
cautionSj good pumps, self-acting fcuders, water cocks, glass 
gauges, floats, alarms, and other indicators wliich mark the 
changes and variation in tiie height of the water. To these 
may be added the Mteam whistle, bnt, al)ove all, the eonstant 
inspection of a carL^fiil, sober, and judicious engineer. Above 
all other mccns, however ingeniousiy dcvisi^d, this is the moat 
essential to security, for on that official dtipcnd, not only the 
seeurity of iIil^ properly under his charge, but also the interests 
of his family, and the Uves of all those within the immediate 
influence of his operations. One of the most imj^ortant con- 
tridt^mtions in ttiis aud every other deiHU"tnu^nt of nmnugement 
is cleanliness and the careful attention of a good engineer. 

E^plosionB produced from collapse have their origin in causes 
entirely different from those which arise from a deficiency of 
watfj, and the only remedy that can he applied is the vacuum 
valve and the cyhndricjil or spheroidal form of boiler. 

Defective construction is unquestionably one of the greatest 
source-a of the frightful accidents which we care so frequently 
enlled iijjon to wilucHS. No man should l>e allowed uidimited 
cxerehie of judgment on a question of such vital importance as the 
construction of a boiler, unless he is duly qualified by matured 
cx[x;rience in the theoretical and practical knowledge of form, 
strength of materijJs. and other reqidrements requisite to en- 
sure the maximum of sound construction. It appears to me 
equally inqKirtjmt that wc shoidd liave the same proofs and ac- 
knowledged system of operations in tlie conslrnctiou of boilers. 
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that we liave in the sttcagth and proportiona of ordnaiice. In 
I>oth cases we have to deal with a powerful and dangeroiu ele- 
ment ; and I have ;et to learo why the same eecurity should 
Dot be given to the general public as we find so liberally ex- 
tended to an important branch of the public service. In the 
ordnance department at Woolwich (with which I have been 
more or less connected for some years) the utmost care and pre- 
cision are observed in the manufacture of guns ; and the proofs 
are so care^y made under the superintendence of competent 
officers, as to render every gun perfectly safe to the extent of 
1000 to 1200 rounds of shot. 

Boilers and artilleiy are equally exposed to &actare, and it 
appears to me of little moment whether the one is burst by the 
discharge of gunpowder, or the other by the elastic force of 
steam. 

TakiQg into consideration all the circumstances connected 
with the bursting of boilers and the bursting of guns, and look- 
ing at the active competition which exists, and is likely to be 
extended, in manu&ctnres, railway traffic, and steam naviga- 
tion, rendering it eveiy day more desirable to reduce the cost 
by an extended use of steam at a much higher pressure, it surdj 
becomes a desideratum to secure the public safety by the in- 
troduction of some generally acknowledged system of coustmc- 
tion that will bear the test of experience, and involve i 
maximum power of resistance. The most elaborate disquisi- 
tions have been given, by the most distinguished men of all 
ages, since the invention of gunpowder, to discover the strength 
and form of guns of every description. Surely boilers art 
equally if not more important, as the eacrifice of human life ap- 
pears to me to be much greater in the one case than in the otW- 
It would be a matter of paramount importance to the public, 
if men, combining the greatest practice skill with the hi^test 
scientific attainments, would give such an undeniable iecMril/^ 
boilers, as to ensure them capable of bearing, under the moat 
unfavourable contingencies, at least six Hmes their woibig 
preasiire. 
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On the question of cxpLo&iona arising from miemanagemeut 
and ignorance, 1 have little further to add ; but I must again 
observe, that the auhject of security from boiler explosions is of 
such importance as to call for more able exponents than myself. 
I have endeavoured to trace the cauacs of these lamentable 
occmrecccs, and to draw such deductions therefrom as 1 trust 
may be useful in at Least mitigating, if not almost entirely 
aver ting, the danger. 

1 have endeavoured to show that the precautions neccaaary to 
be observed iu the construction and management of boilers are 
as follows : — 

1st. To avoid explosions from internal pressure, cylindrical 
boilers of masimum form and strength must be used, including 
all the neceaaary appendjiges of safety-valves, &c. 

2nd. Explosions arising frogi deficiency of water may be pre- 
vented by the fusible alloys, bursting phtes, good feed-pumps, 
water gauges, alarms, and other marks of uidicatinn ; but above 
al], the experienced eye and careful attention of the eugiueer ia 
the greatest security. 

3rd. Kxplosions from collapse arc generally produced from 
imperfect construction, which can only bi^ remedied by adopting 
the cylindrical form of boder, and a valve to prevent the forma- 
tion of a vaciimn in the boiler. 

4th. Explosions from defective construction admit of only one 
simple remedy, and that ia, E.he adoption of those forms which 
embody the ma^dmum powers of resistance to internal pressure, 
and such as we have already recommended for general use. 

Lastly. Good and efficient management, a respectable and 
considerate engineer, mid the introduction of aucli improve- 
ments, precautions, and securities aa wc have been able to re- 
commend, will not only ensure confidence, but create a better 
system of management ui all the requirements necessary to be 
obsen'ed for the prevention of steam-boiler exploBions. 

In conclusion, I may observe, that in giving evidence before the 
jury in the case of the Hochdale explosions (Apijendix No. IV.), 
I took occasion to reeoiuniend the formation of an Association 
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for the exclusive purpose of watching over the interests of the 
proprietors of steam-boilers, not only with respect to the pre* 
vention of explosions and the attainment of the greatest aecuri^, 
but also with respect to the organization of a better system of 
management for the raising of steam with the greatest economy. 
Fortunately for the public security, and probably for the benefit 
of all the parties concerned, that recommendation has had the 
desired effect, and an Association has been formed in the Man* 
Chester district of the manufactuFers, with the unanimous con- 
sent of the great majority of mill-owners, for the accomplish- 
ment of these objects. 

This Association was instituted at a meeting of the employers 
of steam-boilers, favourable to the objects proposed, on the 23rd 
of January last, 1S55. It is under the management of a Com- 
mittee and a General Inspector, Mr. R. Longridge, and its 
primary object b to secure the greatest practical safety in the 
r^ing and use of steam, by means of an intelligent supervision, 
to be carried on by competent and well-instructed inspectors, 
employed by the Association ; but in addition to this inspec- 
tion for the purpose of safety, the rules provide for s,p€rmimve 
supervision of fomaces, and for a record, mth the consent of tie 
owners, of the duty performed by the steam-engines, and the 
amount of the fuel consumed, with a view to a more perfect 
combustion and greater economy in fuel. And this supervision 
will be extended to the establishments of all the members who 
do not object to this branch of the Association's operations. 

The principal object contemplated by the formation of this 
Association is, however, increased security against e^pploatonit 
which a periodical inspection by an experienced engineer affords, 
and in the saving of fuel which may be expected, under the in- 
spection of an inteUigent officer well acquainted with the prin- 
ciple on which perfect combustion depends, and with the most 
successful modes of applying those principles in practice; to 
which may be added, the removal of any pretence for Goveni- 
ment inspection. 

The two following papers formed the substance of a Report 
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prepared &t the request of the Britiah Association for the Ad- 
Tancement of Sdence. It was read at the meeting held at Yort 
in September 1844, and puhhshed in the Transactions for that 
year. I now present them in the form of Lectures, including 
all those improvements and experimenta that have been made 
in this unportant and difficult question since their first pnblica* 
tioD* This abstract does not profess to be an enlai^ed view of 
the subject, but it embodies many usefid suggestions, and will 
enable the reader to form an opinion as to what has been done, 
and what may yet be accomplished, in establishing sound prin- 
ciples of action relative to the economic value of our mineral fuel. 
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LECTURE in, 

ON THE CONSUMPTION OF FUEL AND THE PREVENTIQN 

OF SMOKE, 

There is^ perhaps, no subject so difficult, and none so full of 
})erplexities, as that of the management of a furnace and the 
prevention of amoke. I have approached this inquiry with con- 
siderable diffidence, and after repeated attempts to derive some 
definite conclusions, I have more than once been forced to 
abandon the investigation as inconclusive and unsatisfactory. 
The difficulties of the question do not arise Irom any defect in 
our acquaintance with the laws which govern perfect combustion, 
the economy of fuel, or the consumption of smoke. They 
chiefiy arise from the constant change of temperature, the vari- 
able nature of the volatile products, the want of system, and the 
irregularity which attends the management of the furnace, and 
above all, from the want of some acknowledged system for 
bringing a due proportion of air in contact vpith the com- 
bustible gases in the proper manner. Habits of economy and 
attention, with regard to a few simple and efiective rules, are 
either entirely neglected or not sufficiently enforced, and it 
appears obvious to every observer that much has yet to be 
done, and mucli may yet be aecoraphshed, provided the neces- 
sary precautions are taken, first to establish, and next to cany 
out, a comprehensive and well-organized system of operations. 
If this were accomplished, and the management of the Amiace 
conftigned to men of more inteUigence, properly trained in 
relation to their respective duties, all these difficulties would 
vanish, and the public might not only look forward with confi- 
dence to the working of our engines in the manufacturing towns, 
but the proprietors of steam-engines would be more than com- 
pensated for their additional expenditure by the saving of fuel 
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which tho improved systom of management would ensure. 
Under Ihe hope of Httaining those objects, I shall endeavour to 
show, from a series of accuralelj conducted experiments, that 
the prevention of gmoke, and the i}erfect combustion of fuul, 
are aynonymous, and completely within the reach of oil those 
who choose to adopt measures calculated for the suppression of 
Ihe ony, and the improvement of the other. 

On a former occasion t had the honom' of presenting to tlie 
British Association an imjuiry into the merits of Mr. C. W. 
Williams's Argand furnace, as compared witli llioau of tlie usual 
construetion. On that occasion it was found, from an average 
of ft series of exjicriments, that tlie saving of fuel {inclusive of 
the absence of smoke) was in the ratio of iJ92 to 300, or as 
1 T 1039; being at the rate of 4 per cent, in favour of Mr. 
Williams's plan. Since then a considerable nmnbcr of experi- 
ments have been made by Mr, Houldaworth, Mr. Williams, 
and others ; and having oeejisiou iu the com^e of this inipiiry 
to refer to these researchea, it will be minecessary for the prcaent 
to notice them fiu^her than to observe, that they have been 
made with great care, and that they present some curious and 
interesting phcPnomeua iu conneuou with the further develop- 
meDt of this subject. 

The complex nature of the investigation haa rendered it 
necessary to divide the subject into sections, for the purpose of 
observijig, not onjy the relative tendencies and connexion of 
each, but to determine, by a series of comparative results, the 
law on which perfect combustion is founded, and its practical 
appiicjition ensured. 

Keeping these objects in view, tlie heads of inquiry will lie iu 
this and the next Lecture. — 

L The analysis or constituents of coals and other fuels, 
IT. The relative projKirtions of thefimiace, and fonus of boilers- 
III. The temperature of the furnace and eurroundiug tlut^s. 
rv. ITic economy of fuel, concentration of hual, and preven- 
tion of smoke, 

liostly. General summary of results, 

E 
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I. 7%e conaUtuents of coals and other fueh^ 

The first practical inquirieB into the nature and constitaeiita 
of coal, are probably those of Dr. Thomaon and Mr, Mushetj 
severaL others have investigated their chemical compoaition, but 
the discrepancies which exist in the varied forms of analysis 
render them of little value when applied to the useful arts. 
Dr. Thomson examined four distinct species of coal, of which 
the following are the results : — 



QiulilT' 




Cvbon. 


Bjdnflan^ 


Auto. 


OlfgflD. 




1-269 
1-290 
1-263 
1-272 


75-28 
75-00 
74-46 
64-72 


418 
6-25 

12-40 
21-56 


15-96 

6-25 

10-22 

1372 


4-58 

12-60 

2-93 











Dr. Ure also suppUes an analysis of splint and cannel coal, 
which differ from those experimented upon by Dr. Thomson, as 

follows : — 



au%. 




Cvbon- 


HjrdnfBB- 


Ante. 


Oi7|o. 




1'266 
1-228 


70-90 
72'22 


4-30 
3-93 


2^ 


24 BO 

21-06 







The chief difference between the experiments seems to con- 
sist in the increased quantity of hydrogen in Dr. Thomson's 
cannci coal, and the total absence of oxygen, which in Dr. Ure's 
specimens was found in excess. 

The next authority is Mr. Mushet, who analysed neariy the 
whole of the Welsh coals, and some others, of which the follow- 
ing are selected, viz, — 



QiuliiJ- 


Specific |Tt- 


Cuban. 


AlfaH. 


Volatile 




1-337 
1-393 
1-409 
1-264 
1-278 


88-068 
H9-7O0 
82-175 
5^-882 
48-362 


3-432 
2-300 
6-725 
4'28S 
4-638 


8-300 

8-000 

9-100 

42-S30 

47-000 






Derbyahire furofl<^e cobI .-. 
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Again, we have some of the American anthracites, with up- 
wards of dO per eent. of carbon and 3'G of volatile matter, 
which correspond with nearly all the other descriptions of 
anthracites as given by Mr. Mushet, and more recently by Dr. 
Kane, in his excellent work ' On the Industrial Resources of 
Ireland; 

In addition to the above, Dr, Fife has given some valuable 
experiments on coal, wherein he does not materially differ in 
the bituminous qualities from those of Mr. Mushet. The results 
of Dr. Fife's experiments were fonnd to be in the bituminous 
and anthracite kinds : — 





BiEKmiaao*. 


AmtbitalM. 




7-6 

50-5 

7-6 


4-5 
13-3 
7H ' 

10-8 












lOfrO 


1000 



It will be observed from these experiments that considerable 
differences exist as to the quantity of carbon contained in each 
sort; and provided it be correct that the heating power of any 
description of fuel is in proportion to the quantity of carbon it 
contains, it then follows that the anthracite must be greatly 
superior to the bituminous qualities, which yield little more 
than one-half the quantity of carbon. Considerable difficulty is, 
however, encountered in the combustion of the anthracite coal, as 
intense beat is not only an element, but time, and a large quantity 
of oxygen, are absolutely necessary to volatilize its products. It' 
has been knowu to pass twice through an iron smelting furnace, 
and subjected for upwards of forty hours to the temperature 
of melting uon, vrithout being affected beyond the exterior sur- 
face, having been calcined to a depth of not more than three- 
fourths of an inch. Such, however, is the obduracy of its 
character, that intense heat makes little or no impression upon 
it. To bum anthracite coal effectually, and to extract the whole 

b2 
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of itB volotQe products, it must be broken into small pieces, and 
thrown upon a furnace having a lai^ supply of oxygen passing 
continually througli it. 

In the combustion of bituminous coal the operation is totally 
difierent, being partly friable, and splitting into fragment* as 
the gases are evolved j and hence arises the superior value of this 
description of fuel in almost every branch of the indmtrial arts. 

The Newcastle, and the beat tjualities of the Durham coal, 

are exceptions to moat others of the bituminous kind; they 

contain a much greater quantity of carbon, and are thus better 

fitted for the furnace. Prom some accurate experimenta by 

Mr. Richardson th^ are found to contain ; — 

Ciiboa 85-613 i 

Hydrogen 6305 

AEOte tnd oqrgen .»».„,„ 7'326 

Aihes « 1-966 



Spedfic gnritj 1-278- 



lOO-DOO 

The Lancashire coals approach nearer to the Newcastle and 

Durham than most others ; and, taking the mean of some recent 

experiments, they contain : — 

Cubon 82-95 

Hydrogen „.„>„„........,...,..... 5'86 

Aiote And oxygen - 7'93 

Aihei 3-26 



lOD-00 

The specific gravity of the Lancashire coal is rather more than 
that of the Newcastle coal, but in other respects their consti- 
tuents are much alike, with the exception of a greater propor- 
tion of ashes in the former than is found in the finer qualities 
of the latter. 

Dr^ Kane, in his recent work ' On the Industrial Hesources 
of Ireland ' (already alluded to), has given some valuable infor- 
mation on the properties of the Irish anthracites and other coals 
found in different districts of the countiy. He also ascertained 
the value of the different beds of lignite which retained their 
original structure of wood, which burned with a brilliant light, 
and left a black dense charcoal. 
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The coQBtituents of two specimens analysed by Dr, Kauo, 
gave, — 

I. 2. 

Voliitik mtttop 57-70 6370 

Puftchtrortil 33-66 3fl09 

Aiht!« S'M 16-21 



100-00 



lOO-rtO 



From the Gbovc it would 



appear that the economic value of 
lignite is about two-thirds of an average quality of good coal ; 
and comparing these with otht:r resultii obtained from similar 
lignites, two-thirds may fairly be taken as the calorific value of 
this dcacription of fuel. Dr. Kane further examined a great 
variety of turf, and amongst othtrs those "prepareil by Mr. C. W, 

I Williams from the bogs of Cappage, Kilbeggan, Kilbaken, &c. ; 

[ the elementary products of which arc, according to Dr. Kane, 

I as follows ; — ' 



CuUm £1-05 

H^diogi'ii ,...., 6'B5 

Atbu :255 



fil-01 
6-G7 

30-46 

lea 



5113 

f)'33 
806 



100-00 lOO-OO lOO'OO 

It will be unnet^essary to exemplify ii greater variety of fuels, 
such as the different kinds of wood used in America, Russia, 
^d different parts of the continent. In this country timber is 
seldom, if ever, used ; and taking the comparative merits of the 
fuels already enumerated, it will be foimd (in assiumng the 
qoantity of carbon contained in each as the measure of their 
respective values) that the Welsh furnace coal and the New- 
castle and Lancashire coals stand pre-eminent in the order of 
their heating powers, either as regards their application to the 
fomaee, or to the ordiuarj' purposes of domestic life. 

The American anthracites, which in some cases contain up- 
wards of 90 per cent, of carbon, are extensively used In that 
country; and assuming the mean, 9\% of Professor John- 
ston's experiments to be correct, and calHng it at 1000, wc 
then have an approximate value of th<i diHtTL^nt fuels experi- 
mented upon and in general use in this country. 
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Table of Gohfarativb Results, showing the ctdoiific and 
economic Value of different kinds of Fuel. 



IfD. 


Qoalitj. 


SpcciJlcpm- 


YtkiB. 






»• 


1000 




1 

2 

3 
4 
5 
6 

7 
8 

9 

10 




1-393 
1-337 
1-278 
1-293 
1-409 
1-263 
1-263 

1-278 

1-250 
1-264 


981 
963 
936 
900 
898 
622 
813 

799 

749 

578 














/Scotch Bplinl, 750O\ „ ^.g. 
Sroicb BpUnt, r0'90j "^*^ ^-'^^ '" 
Scotch cflaoel, &172lu -q,-- 
, Scotch amnel, 72-22 ; "*^' ^ ^^ "■ 







In this table the economic value is assmned to be in propor- 
tion to the quantity of carbon contained respectively in each 
sort of coal ; and, provided the lignites and turfs are excepted, 
the others may safely be taken as nearly the correct value of the 
principal mineral fuels of the kingdom. 

n. H^e relative proportions of the furnace and the forms of 
boilera. 

On this part of the subject there are several points worthy of 
attention, namely, the proportions of the furnaces of stationary 
boilers of different constructions \ the dimensions and position 
of those with exterior and interior fires; and the principle of 
form which approaches the nearest to a maximum calorific effect. 

It is obvious that the hemispherical and waggon-shaped 
boilers are the best calculated to ensure abundance of space ; 
and the furnace being detached and entirely clear of the boilers, 
a discretionary power is thus vested in every person choosing 
to experiment aa to the length, breadth, or height of the hearth 
plate and bars which contain the fuel. Hence arise the anoma- 
lies which exist, and the innumerable theories which are advo- 
cated in every direction for improved furnaces and perfect com- 
bustion. 



" These 
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These discrepancies create great perpleiitiea ; and *U4 much 

depends upon tlie management of the fire, and the will as well 
us skill of the engineer^ it is Bext to impoaalble, from euch a 
mass t)f conflicting evidence, to deduce aTiything like a correct 
proportional of the area of the gr&t€-bar and the recipient 
surface of the boiler. 

Prom a careful examination of sonic of the best constructed 
boilers and furnaces in Mauchester, the following results were 
obtained i — 





Awn of 


RfcipLmL 


Knkptcnl 


ToHllintnl lUUo of rrUi^- 




Wo. *)< 


ipmu-ban 




■4Uni>l mT- 


■nrfocp in 


imn In hoqliD^ 


ttRHvkl. 


B«Us«, 


in tot 


fuCtlD'PBt- 


rMninrcA, 


k4 


mrbn. 




e 


36fl 


lyfio 








Id tlie fint kiti bnljtn 


1 


30-5 


lfi7-2 


175 


312^2 


1:M'£ 


ifac (^xti^rDul llim 


2 


3fi-6 


2U1'0 


2S7-6 


■aB8-5 


1;127 


could UHt Lk mta- 


s 


2fl-3 


l*4't* 


ISO'S 


-353'3 


1:13-0 


Burcd. 


2 


287 


137-3 


167-0 


304-.') 


l:I(f-F 




S 


4^6 


\b0-4 


207-3 


3577 


i-. 8 9 




Hnn 


Xi^ 


162'1 


m-4 


365-2 


i;ni 



The ratio of the grate-bnr to the abwirljiog siirfact' is thi:refore 
ss 1 : 1 ri, which, taken from fifteen different boilers of the best 
construction, and worked with considerable skill, givea a fair 
average of the proportions of the fumare and flue surface of 
each*. Now, oa comparing the above with the boiltra at work 
ic Cornwall, it will be found that their relative proportions are 
as 1 to 35 ^ the Corniah boilcra prcHcnting fmni two and a half, 
and in some instuncea three times the siu-face exposed to the 
action of the fire, in the ratio of the furnace to the flue as a 
recipient of heat. Taking the disparities as thus exhibited, Jt 
niTist appear evident that exceedingly defective proportions mnst 
somewhere exist, otherwise the anomalous compartsou of a small 
fire and a large absorbent surface could not be maintained^ un- 
leaa the former practice of large fires and limited fine siuface 

* Coii^iilerBblt? diff(!reiicc of opiabn cxifts in re^rd to thtfse proputti(*na> 
»oiDC coatcndin^ for a Inr^e abforbiug surf^c, and others ag^m as&t^rtiag 
that undi^r rtTtaJQ i^^rcvunstonces this h not wanted, particularly In murmG 
boilcni vlu^rc ad actitc system '>f ci^mbundun ia curncfi on. 
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had been foimd injurious and expesisive. It is true thi^ time 
is au element in every process of combustion, and that the 
system of quick and slow firing have each their merits and 
peculiar grounds of preference. To this may probably be 
referred one of the sources of economy, but economy in time and 
economy in fuel are two different things; each has its respective 
value. It nevertheless appears evident that a great waste of 
valuable fuel is the consequence of these defective proportions, 
and this is abundantly manifest from the results obtained in 
the quantity of water evaporated by a pound of coals in each 
case. For example, 1 lb. of good coal will evaporate in the 
Cornish boiler about 11^ lbs. of water; and the utmost that 
the best waggon-shaped boiler has been knovm to accomplish is 
8-7 lbs. of water to the pound of coal. Hence the advantage 
of a small furnace and large flue surface, united, however, to 
abundance of boiler space, in order to attain a mfticimnTn effect 
by a bIow and progressive rate of combustion. IVom the facts 
thus recorded, and the returns regularly made of the perform- 
ances of the Comish engines and boilers, it .wiU no longer 
admit of doubt as to the superiority of the practice which exists 
in one country as compared with that in the other. Persons 
unacquainted with the subject have attributed the saving to the 
engine; but that doctrine, although in some degree correct, is 
no longer tenable, as experiments and the monthly returns unite 
in proving that part of the economy is due to the boiler ; and 
the proportion of flue surface on the Comish construction being 
so much greater, we reasonably infer that the recipient surface 
of the hemispherical and waggon boilers is insufficient, under a 
system of slow combustion, for the amount of fire-bar surface 
acting upon it. 

These observations have in a great measure been corroborated 
by the introduction into the Lancashire districts of the cylin- 
drical form, with a large circular flue, extending the whole 
length of the boiler. In this flue the furnace is placed, and 
being confined within certain limits it no longer admits of dis- 
proiK)rtionatc enlai'goinentj but, from the very nature of its 
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conatractioTi, forces old plana imd old prejudices to yield to 
positive improvement. 

The effect of the cbange is & progressive and improved 
economy m Ihc consumption of cool, with & larger extent of 
flue surface, and, what is pmhably of eqiial vahie, a stronger 
and much more perfect boiler. 

Irrespective of the chungea of form and management of boilers 
which arc in progress, it may be proper to notice a still further 
iinproixment in constniction which has recently taken place, 
and where a still greater economy is effected. This is u mean 
between the Cornish single flue boiler and the tubular boiler; 
it ia perfectly cylindrical, and containa two circular fluea, vary- 
ing from 2 feet inches to 2 feet 9 inches in diameter, extending 
throughout its whole length, aa represented and c^lained in 
another place in dra\nngs which are annexed. Towards the 
front end the tluea are made slightly elhptical*, in order to 
receive the furnace grate-bars, heuiih -plates, &c,, to give sufB- 
cient space over the fire, and to admit a free ciurent of air under 
the ash-pit. On tliis plan it will be observed that each furnace 
is surrounded by water In every direction, with large inter- 
mediate spaces to allow a free circulation oF the water, as the 
globules of heat rise from the radiant surface over the fires and 
the other intensely heated ports of the fines. Another advan- 
tage is the position of the receptacle for the sedimentary depo- 
sits, which do not take place over the furnace, as in the old 
construction, but in the lower region of the boiler, where the 
temperature is lowest; thus affording greater security from 
incrustation and other causes of an iujurious tendency. 

On the evaporative powers of boilers, it haa already been 
shown that the process, to be conducted with economy, depends 
upon one of two caiiHCH, or both ; fij'sl, on the due and |>errect 
proportions of the furnace; secondly, which is more probable, 
on the quantity of flue surface esjioscd to the action of heat. 
No doubt they are both important agents in the procuration 

* Th« eUipticat forirt h&s for some ycarB heen diap«Qicd with, antl ttc 
GUcuUi fvrui dduptud uu i^ccuuut uf lU DUjjcrioi strength. 
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and generation of eteam, but the recipient snrface ie bo import- 
ant, that the measure of all boilers, &fl to their economy and 
efficiency, in a great degree depends upon the enlai^menf of 
those important parts. Taking, therefore, the amount of the 
flue surface in a boiler exposed to the passing currents of heat 
as a criterion of its economic value, we shall then have, accord- 
ing to computation, a aummaiy of comparison as follows : — 



Mo 


Dco^ptura <ri Briler. 


Cubic 

HntBDtft 


Ana of 


BaeantOa 
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420 

1044 
S94 
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Commoa w«^^d boiler, without middle fiue... 




3'26 
2-06 
3-50 
1-65 
106 
101 




Cylindrical boiler, with eight ten-inch iron tub« 









On a comparison of the above Table, it will' be seen that the 
generative powers of a boiler do not depend upon its cubic con- 
tents, nor yet upon the quantity of water it contains, but upon 
the area of flue surface exposed to the action of heat ; and that 
the nearer the area of the flue surface approaches the cubic 
contents, the greater the economy and more perfect the boiler. 

This has been proved by experiment, and also by practice in 
the use of Nos, 6 and 7 boilers, where the generative powers 
have been much increased, and where they approach nearer 
to the maximum than any other, excepting, probably, those 
with a number of small tubes, such as the locomotive, and the 
present construction of marine boilers'. These latter are, how- 
ever, not so well adapted for stationary purposes, nor yet are 
they calculated for the attainment of other objects contemplated 
in this report. 

* Mr. C. Wye Williams, in his excellent ' Trefttise on CombuatioQ/ mEdn- 
Cajna a difFerent opinioD, He aaya, " that the^resent coaatniction of marine 
tubular boilera h the greatest violation of oU chemical, physical, and 
economic lawa as regard? either combuation or vaporiKBtioa that can be 
exhibited. " 
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It lias olreatly teeD stated that tLe relative areas of fire-grate 
and Que surface, taken from a seriee of observations, lire as 
1 to 11*, and in the average of Coruiah boikrs as 1 to 25. 
Now, if we take the mean of these two, and fii the ratio at 
1 to 18, we shall have a near approxinmtion to a maximum 
effect; and, for general practice, it will ho found thnt such a 
proportion will better serve the interests of the public^ and of 
parties employing steam -boilers^ than the extreme of 1 to 55 or 
1 to 30, where a great increase of boiler power must be The 
result. In many situations, such oa the large mainifiictiLriug 
towns, this cannot he accomplished, and to enforce such a regij- 
btion by l^Ulative or municipal eiiaetments, woidd be, to say 
the least, inexpedient and oppressive. Taking, therefore, the 
cxpcrimcuts, obsen'aliona, and other circumstances bearing 
upon these poirts, into consideration, it will appear that the 
circiilar boiler, with an enlai^od and cstended tiue anrfacc, and 
accurately proportioned furnaces of about I to IS, is the best 
calculated under all circumstances for effecting the economy of 
fiiel, and those other objects which have yet to be considered in 
the absence of smoke, 

in, i^c £etnpcrattrc o^ thffiftnace and the mrrounding pf€B. 

It is a difficulty of no ordinary description to asccrtdn with 
sufficient aecuiacy the temperature of a furnace. In fact., every 
fire and every furnace is continually changing ite temperature, 
Bfl weL aa the nature of the volatUe products, as they pass off 
during the process of eomhiLstion. When a funiaco is charged 
with a fresh supply of fuel, its temperature is lowered, and that 
from two causes ; first, by the absorption of heat which the coal 
fnel t^kes up when thrown upon the tire ; and, secondly, by a 
rush of cold air through the open door of the furnace. Attempts 
have been made to remedy these evils by the aid of machinery 
and continuous firing; but taking the whole of the existing 
schemes into account, and bestowing upon them the most 

* Sioce the ibove was vrttten, 1 hive received &f>[n my frlendp Mr. 
Andrew Murray, of the RoyiU Dock>Tird, Woolwich, a aericB of cKperimcnla] 
mcflrcbes, eome ol which will b? ktuad at the doBc <if Uie report. 
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f&voumbic considcnitioD, it is questionable whether they arc at 
all equal (cither aa regards efficiency or economy) to the iisuaJ 
way of wcrting the fires by baud. I am persuaded the latter 
phm is the bcGt; Emd^ provided a class of careful men were 
trained to certain fixed and dcterauncd regulations, and paid, 
not in the ratio of the quantity of coals shovelled on the fire, 
but in proportion to the saving effected, we should not then 
have occasion for the aid of machinery as an apology for 
inattention and ignoraucc, 

Operationa of this kbid re<|uire but a small portion of phy- 
sical strength in supplying a fimiace with fuel (which a machine 
can do), but aome measure of intelligence is necessary to watch 
over and assist nature iji the development of those laws which 
determine as well as govern the process of coEibustion. 

Viewing the subject in this light, it will not be uninteresting 
if we attempt to exhibit aome of the important and exceedingly 
curious changes which take place in the ordinary process uf 
beating a steam-engine boiler. 

For these experiments we arc indebted to Mr. Henry Houlds- ' 
worth, of Manchester; and having been present at several of 
the experiments, 1 can vouch for the accuracy with which they 
were conducted, and for the very satisfactory and important 
results deduced therefrom. 

In giving an account of Mr. Houldsworth'a experiments, it 
will be necessary to describe the instrument by which they were 
attained, and also to show the methods adopted for indicatiiig 
the temperature, and the changes which take place in the 
surrouudiug flues. 

The apparatus consists of a simple pyrometer, with a small bar 
of copper or iron [a in the following ekctch) fixed at the extreme 
end of the boiler, and projecting through the briclt-work in front, 
where it is jointed to the arm of an indeic lever b^ to which it 
gives motion when it expands or contracts by the heat of the flue. 

The instrun]cnt being thus prepared, and the bar supported 
by ii'on pegs drivt^n into the side walls of the fine, the lever 
(which is kept tiglit upon the bar at the point e by means of a 
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smaD weight over the puUey at d) is attached, and motion 

Pyroheter. 




ensues. The long arm of the lever at d gives motion to the 
sliding rod and penciJ f^ and by thus preaainj^ on the periphery 
of a slowly revolving cylinder, a line is inscribed corrcaponding 
with the measurements of the long arm of the lever, and indi- 
catiiig the variable riegrees of tcniperatiire by the expansion and 
contraction of the bar. Upon the cylinder is fixed a Bhect of 
paper, on whinh a daily record of the temperature becomes in- 
scribetl, and on which are exhibited the change as well as the 
intensity of heat iu the flues at every moment of time. In using 
this instrument it has been usiuil to fix it at the medium tem- 
perature of 1000°, which, it will be observed, is an assumed 
dt^ce of the Intensity of heat» but a sufficiently nejir approxi- 
mation to the actual temperature for the purpose of ascertaining 
the variations which take place in all the different stages of 
combustion consequent upon the acta of charging, stirring, 
and raking the fires. These are exemplified by Plates V. and 
TIL corresponding with Experiments No. I. and No. IL 

On a careful examination of the diagrams, it will be found 
that the first (Exp, No, I,) was traced wilhoiit any admixture of 
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air, except that taken through the gnite-bara; the other (Exp. 
Ko. n.) waa inscribed with an opening for the admission of air 
through a diffusing plate behind the bridge, as recommended by 
Mr. C. W. Williams. The latter. No. II., presents very different 
figures ; the maximum and minimum points of temperature being 
much wider apart in the one than the other, as also in the fluc- 
tuations which indicate a much higher temperature, reaching as 
high as 1400^ and seldom descending lower than 1000^ 
giving the mean of 1160^. 

Now, on compaiing No. II, experiment with No, I,, where no 
air is admitted, it will be found that the whole of the tracings 
exhibit a descending temperature, seldom rising above 1100** 
and often descending below 900", the mean of which ia 975*. 
This depression indicates a defective state in the process ; and 
although a greater quantity of coal was consumed (2000 lbs, 
in 396 minutes in the No. 11. experiment, and 1840 lbs. in 
406 minutes in No. I.), yet the disparity is too great when the 
difierence of temperature and loss of heat are taken into con- 
sideration. As a fiirther proof of the imperfections of No. I. con- 
Btruction, it is only necessary to compare the quantities of water 
evaporated in each in order to ascertain the difference, where ia 
No. I. experiment 505 lbs. of water were evaporated to the 
pound of coal, and in No. IL one-half more, or 7"7 lbs., show- 
ing the increase by a more perfect combustion. 

Taking the results thus indicated, it will appear evident that 
the admission of a certain quantity of atmospheric air behmd 
the bridge operates most advantageously, inasmuch as it com- 
bines with its constituents in due proportions, and by these 
means the gases are inflamed under circumstances favourable to 
the extraction of heat and the absence of smoke. The whole 
process is therefore distinguishable by the fact of one construction 
presenting a decreasing temperature when air is not admitted, 
and the other an increasing column when it is introduced. If 
no air is admitted, except through the grate-bars, and there 
happens to be a compact charge in the furnace, the consequence 
is that the gases pass through the flues unconsumed, and 
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accompaDicd with & dark vohuiie of smoke, which is invariably 
present on siicli oecasioos. 

It will not be necessary in this instance further to inci^ose 
ihc niuuber of diagrama, aa No. I., which exhibits the variiitions 
and results of the intensity of heat when air is not admitted, 
and No. n. {with an aperture of forty-five Bqufirc inchea con- 
stantly open) will be found encoimtging features for its ad- 
mission in duly regidated proportions. These two diagrams 
will therefore anflicieutly explain the varied changes of tempe- 
rature which exist, and as dl the other thirty arc (with occa- 
sional deviations) nearly alike, the following Table of Resulta 
will probably answer the same purpose im if given in detail : — 

Table of Results, selected from thirty esperiiuenta obtained 
by Mr, Houltlsworth'a Pyrometer, indicating the mean lera- 
peiatiire of the flues in a steam-engine boiler^ and the effects 
produced by the admission of air through regulated and per- 
manent apparatus behind the bridge. 
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By comparing the reaulta as given above, it will l>e found, 
that in taking the tf|uantity of water evaporated by 1 lb. of coal 
ns the measure of economic value, the mean of nearly the 
whole experiments (exceptnig only Nos, 12, 13» and 28, where 
air ia not admitted) is as lOO to 113'65, or about 12^ per cent. 
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in fevour of a regulated and continuous supply of air, Takiog. 
however, the mean of experiments, 25 to 29, and comparing it 
with some of the others, it will lie observed that a much liightr 
duty is obtained; and having accomplished a maximum, there 
appears no reason for doubting why it ahould not be continued, 
and stiJl further ndvantjtges seciu^d by a judicious arrangement 
of the furnace for the admissiou of oxygen to the iminflamed 
gases, which under other circumstances would make their escape 
into tlie atmosphere unconsiuued. In furnishing this supply, it 
is not absolutely necessary to adimnisler it iuimotliutely behind 
the bridge, as the same quantity of air taken through the gmte- 
bara, or in at the fumacc-doors, would nearly effect ilic same 
puTjMJse^ not only as regards the (juautity of heat evolved, but 
also OS reapeets the transparency of the gases and the conse- 
quent disappearance of smoke*. 

Mr. Houldsworth estimates the advantages gained by the ad- 
mission of air (when properly regulati-d) at 35 p{T rent., and 
when passed through a fixed aperture of 4S square inches, at, 
34 per cent. This is a near approximation to the mean of five 
eiperiraents, which, accorchng to the preceding table, give* 
33 J per cent., which probably approaches as near the maxi- 
mum as ean be expected under all the changes and vidasitudea 
wliich take place in general practice. 

On B curaoiy view of the subject, it is obvious that the 
quantity of jur necessary to be admitted \*nll greatly depend 
upon the nature and quality of the fuel used. In a light 
bimiing fuel, such as apUnt and canrcl coal, less air will be 
required, as the charge'burris freely witli clear spaces between 
the grate-bars, and is attended by leas risk of eeinentation than 
the caking coal> which in some cases completely seals the 
openings, and tliua deprives the fuel of that quantity of air 
neei^sary for its combustion. Under such circumstances, a per- 
manent opening will be found exceedingly efficacious, and that 

* On this &ubjec( Bee Mr. C. W. Williams's work, or llial ]jBrt of it wrych 
refcrfl to the admiaatoo, UifiFuuon, and mechanical admixture of air to tljc 
furnace. 
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more particularly when the heat vitrifies the earthy partid&a of 
the coal, and forms cliukers on the lop of the grate-bars. In 
the use of this description of fuel the pcromnent apertures arc 
of great value. 

The constituents ofeoal vary in (jimlityafi well as degree, and 
this maj be seen ftom what has already been stated in the ana- 
lyses given byrecogmaed cbenucal authorities at the commence- 
ment of the in<]airy. In order, therefore, to provide for these 
dificrences. aud to effect its perfect and economical combustion, 
it will be necessary to show iu what manner and under what 
drcurustances its gaseous products combine with other elements 
essential to produce tlie phaenoinenon which we call flame, 
or the combustion of fuel, When all the elementarj' sub- 
stances arc present, two things appear to be ne-ecssary to 
effect combustion, iLnd these arc heat aud the requisite quantity 
of oxygen as its supporter. Now tliis latter element is supplied 
in great abundance from the atmosphere ; but as it is nji\ed 
with another gas, nitrc^en, from which it has to be separated 
before it unites with the hydrogen and carbon of tLe fuel, it 
becomes absolutely necessary to maintain^ not only & liigh tem- 
perature in the furnace, but to afford facilities for the requisite 
supply of air under all the varied conditions of slow to active 
rombustion^ As the evolving gjises will combine with no more 
than their correct equivalents of oxygen, it becomes a (jucslion 
of great importance to approximate as nearly to the right 
tjuantity as jjossible, and to admit neither more nor less air 
than is necessary to furnish these equivalents. If more air is 
ivdmitt^d than what is required, the temperature is reduced; 
and on the other baud, if too Uttle air is admitted, an imperfect 
combustion ensues, and the usual defects of a tiu'bid black 
SHKike is the residl. When the proper quantity of atmospheric 
air is supplied, and a suHiciently high temperature of tlie fur- 
nace is maintained, a perfect process c^f combustion is then 
tfpcTed : tbe cai-bon of the coal, under these circumstances, is 
Wavert4*d ialo carbonic acid, whilst that of the hydrogen is 
cotivcrted into water in the shape of \apour. 
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lu tliia fitate of the furnace the products of combustion 
become invisible, and hence wo may reasonably conclude that 
smoke, whenever or wherever it ia presented, is neither more 
nor less tliaii the result of imperfect couibustiou. A high 
temperature being ihereforo one of the conditions necessarj' to 
effect combustion, it is of great importance that wc should 
know at all times the varied forms and temperatures at whieh 
the gases pass from the furnace into the flues and the 
chimney ; and also, that we shoidd register the indiciiHoaB 
of tempcratiu\; on the principle which is so neatly and so 
ingenioustj illustrated by Mr. Iloiildaworth's pyroraffter. These 
indirations are of great value, as they lead to the maintenance 
of a stifliciently high Icmpcratm'e to ensure a perfect combination 
of the chemical compoimds, and at the same time to pass off 
the vaporous products of the furnace in their transparent and 
indivisible fonus*. 

Sir Hiunphry Das^, in his experiments on flame, has proved 
all those facts ; and he has further proved^ that in the chemical 
combination of air and gas, a high lemperatuie is required. In 
some of those Tesearches he found that air and gas coiJd not 
be inflamed with red-hot iron, and that it required the gaseous 
mixture to be raised to a white heat before ignition or explosion 
euEued. Mr. C, W. Williams also maintains this opinion ; and 
in speaking of Davy's experiments, he states. " That this heat *' 
— meaning the temperature at which the gasta* couiblue — '* is 

* In thb investigQtiuu 1 have Dct touched ajion Lherjuesbion that bean upan 
tlie nature and quoUly gf the producto of copibuBtion hs thc]^ isaue from fltcam' 
eo^ne chimney* or comition fires ; nor yet have I inquired ivhether they have or 
tUey have not — under certaia conditjonaof aji improved prucesB — undergone 
a chemical cbange, either aa rcHpecte Iheir deleterious character when dis- 
charged from the funnels or chimoeya in a traitflj>areui or indivisible fbrmn or 
under any other coodition orifiinf^ irom defective combustio]]. Th&t is a 
eubjef^t qtill open for inqciry, and although it la not entirely distinct from 
that now under conAideraCiont it ia ncvertheleas not Immediately i^onnected 
with it. Suffice it. Iharefore, to obietve, thnt the removal oE the blact car- 
hunaceoue matter which now dnrkenn the atmosphere Js aii impurtanl point 
gained* and that sXaue ia a step in advance, independently of other comlitiaaa 
under whii^h the reaiduum of combustion may make its f^eape. 
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guired for the ignition of the /rst mlrvd group of gas and 
XT to whiclj it is apjilied, we Imve ikily proof, when, to light 
the gas ill our apartments, we apply the heat of a «eparaie 
Jhme before ignition takca place." 

" This is confirmatory of the high temperature dcscriljed by 
SirH. Davy, since, os he observes, 'the tem\icmiurG o/ icHk Aoi 
THelal ufar below that offiame ' Now in lighting the j^as from 
our burners, we arc apt to overlook the aU-important fact, that it 
not the gas which we igoite, but the mlzture of ga4 and air. 
" On the taper being apphed, explosion or sudden ignition 
then takes place o(jti»i 80 mach^ or so mattgg^roups of (he gas and 
air as have oUained the necesifary afomic eontacty and no more, 

"That a high teuiperatiire must, uiuntrrriiittiugly, be mjun- 
tained in the chamber part of the furnace, will at once be 
tindcrstood, when we consider that Hame, contimioua though it 
appears to be, is but a rapid succession of electric explosions of 
itoms, or groups of atoms, of one of the constituents of gas — 
the hydrogen with oxygen -, and as rapidly as their respective 
atoms obtain access and contact with each other, the second 
coDstituent — the carbon — taking no part in such explosions. 
Whatever, therefore, interrupts this succesBton (that is, allows the 
explosion of one group to be terminated before another is ready, 
and within the range of its retftiired temperature)^ virtually 
causes the Hamc to cease; in ordinary language, puts it out- 

"Again, if hy any cooUng agcrcy we reduce the temperature 
below that of accension, or kindling, the effect is the same ; fAn 
fffccesmofi in broken, and the contiuuousness of the flauke ceases ; 
ae when we blow strongly on the flame of a candle, by which 
we 30 cool down the atoms of gas that they become too cold for 
ipitioti, and pass away in a grey-c^tloiu"etl vapour, but which, 
hy contact with a lighted taper, may again be ignited and the 
Boocession restored, 

*'Thua we see there are two modes hy which flame may be 
lalercepted, that is, extinguished ; both of which are momen- 
tarily in operation in our furnaces : — Ist, by the want of sue- 
cesaive mixture 
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gas is reduced in temperature by cooliD^ agencisa, as will hen^H 

after be showa," ^1 

lYom these extracts, and taking into account the carefully con- 
ducted expeiimeuts of Sir Hiuiiphry Da\T, there caunot exist a 
doubt as to the necessity which exists for preventing a RUPcharge 
of cold air acting upon the foinacc. Its high temperature is 
essential to its eificiency, either as regards economy in the use 
of the fuel, or the equivalents of ignitioii with atmospheric ^- ^m 

Tbe question of temperature applied to combustion is there-* 
fore one of great interest. It involves many consLdorattons, 
both mechanical and chi^rnical, and although apparently of eflsy 
attaiumeBt, it ia nevertheless surrounded with many difficulties. 
Our knowledge of high temperatures, as well as our inatrunienls 
for measuring their inleufiitiea, are far from perfect; and we 
have yet to learn at what t.emfjerature tlie gases imite, or, 
aa Mr. Williama calls it, ignite '* in a series of electric explo- 
sions " with atmospheric air. This temperature, or rather the 
lowest temperature at which the gases and atmospheric air 
will unite, has not yet been ascertained : some fix it at SOO*, 
and some others at 1000° of Fahrenheit- These degrees of 
temperature are, however, highly problematical, as Sir II. Davy's 
experiments seem to prove that a white heat ia necessary to 
produce the phenomena of combustion ; and ae atmospheric 
air seldom exceeds 80^ to 90° of temperature, it is evident, that 
when air of this tenipcrature is poured upon the incandescent 
fuel, it will rob the evolving gases of a portion of the heat 
essentia! to combination, and thua reduce the temperature io^ 
many cases below the ^loint of ignition. ^| 

The combustion of fuel is to all Eppearance aJi easy as well as 
a natural process ; but on mature consideration it will be found 
that before we can arrive at sound practice, we must have some 
knowledge of science ] and before we can make a single step in 
advance, it must be done through those laws which the Great 
Author of Nature has ao bountifully and so invitingly supplied 
for our guidance. 
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LECTURE IV. 

ON THE ECONOMY OF FCEU CONCENTRATION OF HEAT. AND 
PKEVEMTiON OF tiMOKE. 



iRREaPECTTVELT of the iatensity of heat, form of boilera, and 

qimlity of fuel, as described in the lost Lecture, there are other 
conditions connected with the phtecomeaa of combiiatioii which 
rejjuire attentive consideriilioo before thut process can be called 
perfect, or before economy or the prevention of smoke can be 
attained. It is perfectly clear, that although wc may possess 
abundance of excellent fuel, and a perfect knowledge of all the 
elements necessarj' for its combustion^ yet we are still far short of 
attaining our object, unless a due regard to economy is strictly 
kept in view. A manufacturer may have well-proportioned 
boilers, excellent furuEiccs, and good fuel, but with all these 
advantages he will not succeed, unless the whole of the elements 
at his command are properly and economically combined, and 
tkat upon fixed laws obeadj determiEcd for hia guidjince. 
Count Rumfurd, in his adminibie ' Essays on the Economy of 
Heat/ truly observes, that " No subject of philosophical inquiry 
within the limits of human investigation is more calculated to 
e^citi^ adniiratioEi and to awaken curiosity than fire, and there 
u certainly none more exteasively usefiU to mankind. It is 
owing, no doubti to our being acquainted with it from our 
infancy that we are not more struck with its appearance, and 
more sensible of the benefits we derive Froiii it. Almost every 
comfort and convenience which man by his ingenuity procures 
b himacIT is obtained by its af^aistauee, and he ia not more 
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distinguifllted from tlie brute creatioD by the use of speech, than 
by his power over that wonderful agent." 

Such was the opinion of one of the moat eminent philosophers 
of his time, and such were the pertinency of his remarks and 
the depth of his researches, that had he lived in the present 
instead of the close of the last centuiy, he would not only have 
extended and enlarged our views on the management and 
economy of heat^ but he would have expressed astonishment 
at the increase, the immense extent of expenditure, and the 
lavish and culpable waste of fuel by which we are surrounded 
on every side. It is true we have some exceptions to this rule, 
such as the engine boilers in Cornwall and some parts of the 
continent, where hiel is expensive ; but taking the aggregate, 
it might be said, without fear of contradiction, that if one-half 
of the fuel now used were properly applied, it would perform the 
same service, and afford the same comforts, as we now derive 
from the whole consumption of our mineral products. This is a 
great reflection upon the philosophy as well as the economy of 
the age, and I think it can be shown that one-half the fuel now 
wasted might be saved with great advantage to individu^s, and 
with increased benefit as well as comfort to the public. The waste- 
fid expenditure which exists does not ariaeso much from ignorance 
as from prejudice, and a dose adherence to old and imperfect 
customs. We all, more or less, venerate the works of antiquity, 
but unfortunately we forget to draw the distinction between 
what is really ancient and sound in principle, and what is imper- 
fect in practice. Hence follows a blind adherence to established 
usage, and the consequent propagation of all the defects as well 
as the perfections of the system. Now this state of things 
should not exists as we have the experiments of Watt, Rumford, 
Davy, Farkes, and many others before us ; and adding to these 
the excellent treatise of Mr, C. W. Williams on the combustion 
of coal and prevention of smoke, we are enabled by these means 
to establish a sound and much more perfect as well as econo- 
mical system of combustion. Keeping these objects in view, 
we shall endeavour to determine some fixed principle on which 
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be fonnded tbe jMTvention of snK^e, coiKwilraiioc of beat, 
uid economy of fuel. 

It is well known tliat in practical opentkm^ there is no cam- 
ustion mthout o^gen ns itAvapfiMter; ttd ai AaX bi^iortaiit 
element cannot he procured for gcnoaJ p nr poaea witlkont the 
other constituents of al Ei]r>s{>berLr &ir, it follows, th^ in order to 
effect cooibustioii, a regular supply of tbU ooinpomid most be 
constantly at commaad. Now it is not tbc bcility, but the 
rantrol and regulation^ of the supply of air which requires 
alt4^Eition, and on this point uf the inqimy we must rrf^r to 
tbe researches of Mr. C. W, Williuns, where, in Epe:ikiiig of 
''gaseous combinations," be shows that much depends upon 
the conditions and proportions in which the gases evolved 
during the process of combustiou combine with the oxygen of 
the air- And in order to effect thi», it is necessary tor those 
entrusted with the managemetLt of furnaces to koow the " equi- 
valents" or ile£mte pniporltona under Hhiih these combinstioiiB 
take place. On this he^ it will be sufficient to observe, that 
the prin(^ipal gases evolved from coal in a state of combmtion 
are light carhnretted hydrogen, heavy c&rbuietted hyilragen or 
defiant gas, and some others, such as carbonic acid gas, car* 
bonic oxide, &c., the properties of which it is not requisite oo 
thia occasion to investigate, but to confine the inquiry to tfae 
union of light carburcttcd hydrc^n and heavy carhuretted 
lydr(^ii with the oxygen of the atmospheric air. Following 
therefore the Baltonian theory, it will be found that tbe con- 
rtitucnts of one atom of light rarburctt«d hydrogen or dicar- 
Curetted hydrogen, consist of the foUoi^'ing symbols, each repre- 
senting an atom, and the figures the weight : — 

Dicarburctted hydrogen. 
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Dicaxburetted hydn^D is therefore compoaed of 2 equir. 
hydrogen and 1 equiv. carbon = 1 equiv. dicarburetted hy- 
drogen. Id weight 2 hydn^en + 6 carbon = 8 dicarburetted 
hydrogen. The constituents of heavy carburetted hydrogen are, 
2 equiv. hydrogen and 3 equiv. carbon = 1 equiv, heavy car- 
buretted hydrogen. In weight, 2 hydrogen and 12 carbon, or 
2 + 12=14 heavy carburetted hydrogen. 

These are the two principal gases which require attention, 
and as the oxygen of the air is an element that cannot be dis- 
pensed with, the object of our next inquiry will be the quanti^ 
and constituents of atmospheric air. 

According to the best authorities, atmospheric air is fouud m 
the proportion of 1 equiv. of oxygen to 2 equiv. of nitn^en, 
or, according to Mr. Williams (and adoptmg the figures aft 
representing the weights as before) : — 

Atmospheric air. 




Having thus aacertained the constituents and equivalents in 
which the combustible and incombustible gases combine, it will 
easily be determined what quantity of atmospheric air will be 
necessary to support and effect perfect combustion of the fuel 
of which the above are constituents. For th^ purpose it will 
be observed that a very considerable quantity of air must be 
brought in contact with the incandescent fuel, before the pro- 
cess of combustion can be effected ; and having already deter- 
mined the constituents of each, we must next determine the 
quantity of air required for the purpose of supporting the entire 
combustion of the gases, without producing a diminution of the 
temperature in the process, 

Mr. T- Syraes Prideaux, in a lecture recently delivered to the 
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[emljers of the United Service Institution, states, in alliision 
to coal and its constituents, that different kinds vary consider- 
ably in their component parts, and their relative proportions to 
each other. From these differences he assumes — as a conve- 
nient standard of illustration — tbal 100 parts of coal consist 
of 60 parts of carbon and 5 of hydrogen, leaving out of view the 
ether elementary substances which ent^r into their composition 
(consisting of oxygen, nitrogen, sulphur and incooibustiblc 
ashes, composed chiefly of ^and and clay in various proportions) 
as only hkely to compUcate the question, without being eaaential 
to its illustraticn, 

Mr, Prideaux assumes the proportion of 80 and 5 for the 
composition of coal, on account of its practical coDvcnicncc, aa 
it enables bini to prove that — 

■' Afl hydrogen fumitbeii — weight for weight — four tiineg as rouDh hanC b4 
carbon, tLe 5 porU of hydrogen will fumiish 20 per cent, of the whole heat, 
and tbc ^ parts of carboa BO per cent, being the earae proportiaoatG part of 
the heat lu it fornix by weight of the fuel ; 100 lbs, of coal conaut Ihen of 
SO lbs- of csrlion and 5 lbs. of hydrogtiu" 

In these statements Mr, Pridcaia goes on to state — 

"Hiat Guboa may be aaid to be tbe grotid matcnnl out of wLicb the 
Tfg^tahle and anima] worlds ore formed ; aud hence/' he observes, *'its abuii' 
d&nc« in coal — the fofiaOiEed rGcoaina of the luiuriRDt vegetation of kn earlier 
geoHgicaJ epoch. 

" All Tegeuble and animal njbetanccs, if only poitiaJly bumt (that Is to 

lay, TsU«d to a high Cetnperatnre irithout a free supply of air), are convert- 

ibb into chfircnBl: or, mure correctly Bpe&kiiig, this ie left zta a residue after 

tLv more volatile constituents are driven off by heat* assuming various forms 

icuorduig to it£ prcviouf fltatc of ctggregatioii i as common or voct/- charcoal, 

dkt or coat'Char^oAi^ ivcry black or Aoue-charcoaln tinder or /jnen-ehareoBl, 

Tlie whole of the carbon tJiEse substances contain, is not. however, left 

bciuad &fter partial burning or dry dietiliation. The hydrogen present 

in them eiisti in a ante of ehemical combination uilh carbon, a.nd when 

Itti^d. thift volatile substance passes off with the carbon with which 

^t a cambioed in the gucoua form u carburctlcd hydro^n, a gas conHistirig 

^ L put by w«igbt of hydrogen to 3 of carbon* 

*"Thus as hydrogen, id carburetted hydrogen or coal-gBs, is combined with 
t^nt times its own vcight of carbon, in a coal containing 5 lbs, of hydrogen 
^ BOllw, of carbon in ibe 100 ll>s,| 15 Lbt. of the carbon exitt aa carbu- 
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retted hjrdn^en, mod pue off ia the gmeoua form upoa the appUcfltioa of 
hat. This ib* ia fiu;t. the coal-^Bs we use for illuminating purposed^ of 
wbich IQO lbs. of such a coal would fumiali 20 Iba., or about 470 cubic feet. 
"Now, fiince weight for weight, hydrogen atFarde on combustion four 
tioiPH the qnnntit^ of hent that e&rbon doee, thiA 20 lbs. of earbur?cted 
hydro^n, conHiatJng u it does of 3 Iba. of hifdrogeo antJ 15 Ihb. of carboQH 
TcpreBButs 35 per cent, of the hettting power of the conl." 

Mr- Pridcaiu, having discussed the relative properties and 
proportions of liydrogen and carbon in coal, then proceeds to 
obsen'e, that, ui order to atttiiii b clear perception of the con- 
ditions ncccs3Jiry for the economic prevention of smoke, two 
important points are required, namely, — 

" Tike admUehn ttf the right quantitt of atr in the first place, lud tk< 
"ippltf of an adejuaff amouKl of bkxt to en^re ignition in the seeend" 

Thia, nccording to the ^Titcr, b the true and correct method of 
obtaining from the fuel all the heat it is capable of yielding ; 
or in other words^il entails the prevention of smoke, — 

" Inasmuch as nJl amoke consiets of n ^rtion of the carbon of the fuel 
pi&aiug off unbuict." 

To attain these objects, and to prevent the escape of the nncon- 
aumed carbon, Mr. Prideaux asks himself this questiou, via. 
How can these two simple conditions—the right quantity of 
die and auflieient heat — be beat practically attained, and thus 
perfect combustion and its concomitant absence of amoke be 
ensured? This, he maintains, is done by the admission of 
air through the furnace-door, varying the supply according to 
the wants of the furnace, or as Mr. Prideaux expresses it, — 

** The demands of the furnace for air vftriea greatly with the state of gasi- 
fication of the fuel, the quantity of air being greatest just after the period of 
coaling, and gradually Lcaaeuing till gasification U coonplctc." 

Following the same reasoning as before, and assuming 
100 Iba. of codJ to consist of 80 Ibsn of carbon and ft lbs. of 
hydrogen, Mr. Prideaux goes on to state, that 

"Since the oxygen jo to the carbon in caibomc acid as 16 to G, to eflect 
perfect combofltioa, £0 Iba. of carbon will require 213^ Ih5. = 3527 cubic feet 
of oxygen, to furnish which 967'26 lbR-:= 12G3S cubic feci of atinoapheric ur 
will be retjuiied : acd amcc oxygen lb to hydrogen in neter u 6 Lo 1, 5 Iba- 
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of hf A rtgCj vin nq^s 40 Al=±473 ra&ic fact <tf oet;™* « 1^I'3 Ibt.= 
=15^000 calve fat of «r, teoMrad far tlie coMbastkA ctf 100 Ib>. K^tntlT 



Tbe products <^ cmbostioii accordiDg to this sutetoent. tlieie- 
f(ffe,inl] be 2527 cubic feet ot cufaonic M:id, 946 cubic feet of 
vteain, and 12,000 feet of DDcombined nitrogen. 

Rom the fbfegoii^ extncts, it will be seen thai under tbe 
■flsomptioii that 100 Dw. ot coal contains SO Ibs- of carbcm and 
5 Iba- of hjdiogen, Mr. Frideanx does not di&r iridelr from 
the diemical combinatkxia given by Mr. C. W. Williams. Tbe 
only question whcron they ^pear to differ, is the mode of 
mttododng the air to the fiunace, Mr- Prideanx recommending 
1 rariable or gtaduaDy dwrnnkhing supply of air through diW- 
Qon-platea at the month <^ the fumare, and Mr. Williams 
amteodiiig for a unifonn admission — by its sabdinsion into 
minute jetS'-*-oa the principle of the Ai^aud lamp ; or, as 
Mr. Williams properly calls it, the Argand furnace. Both these 
methods have the desired efiect in preventing smoke when the 
himace is properly chai^^ and judiciously managed. 

On this part <4 the subject several other and able authorities 
may be quoted ; but taking that of Professor Brande (as given 
by Bir. Wiffiams), the following table indicates the relative 
wdj^ita of the atoms both bdbre and after combustion ^-^ 
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I CobOB 6 -^-22 Cirbonic idd. 

1 HjdiogCEn 1 ^,.j:; ^ ^3 =^ 9 Steam. 

1 Hjdn^ I ^,,.^ ^ ::^0<^ 9Steun. 




1 Oxj}{^ B 

1 Oxygen* >>i*>.>--4>-i 8 
1 Oxygen B' 

l^2i;^-::::::::::.:i^' mj^-^^-^ 

152 152 

Again, for the olefiant gas, or heavy carburetted hydrogen, wc 
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216 



230 



WeiclLt, 

I Cvbon 6 

1 Cubon 6 

I Hjdfogeu .......... 1 

I Hydrogen < 1 

I Oxygen 8 

I Oxygen 8 

lOi^en 8 

1 Oxygen 8 

1 Oxygen 6 

1 O^^gen 8 

L 12 Nitrogen 168 

S30 




PndBCbqf 
mtobvttn. 

22 Gubonic uid. 
22 Cmrbonic *cid. 

9 Steam. 

9 Steam. 



1 £o f UQComTuDed 



330 



From the above it appears obvioua that in every instance of 
combustion the nitrc^n or azotie gas (which forms bo great a 
proportion of atmospheric air) is about four times the volume 
and three and a half times the weight of the oxygen, and being 
in itself incombustible, is absolutely of no use either as a com- 
bustible or as a supporter of combustiou. On the contrary, it is 
exceedingly injurious, for whilst it does not combine with the 
other gases, it at the same time reduces the temperature of 
the flame, and thus deprives the fuel of a fi^reat portion of its 
heat, which otherwise would (as in the case of the Bude li^t) 
have ^ven much greater intenaity of heat, and greater brilliancy 
in its illuminating powers. Finding it, however, impossible to 
separate the nitrogen from the oxygen of the air (for general 
purposes), we must take the mixture as it is, and instead of 
using 1 atom of oxygen, we must take 2 of nitrogen along with 
it ; and as 4 atoms of oxygen and 8 of nitrogen are required for 
the ignition of 1 atom of light carburetted hydrogen, it follows 
that ten times the quantity of air in volume, and eighteen times 
the weight, will be necessary for that purpose. Again, for the 
ignition of 1 atom of heavy carburetted hydrogen, we must have 
6 atoms of oxygen and 12 of nitrogen, and the atmospheric air 
must be fifteen times the volume of the olefiant gas in order io 
have perfect combustion. Fifteen to one is therefore the true 
proportion of atmospheric air required for attaining the perfect 





combustion of coal 
tUtimatc productft c/ 

Having detemuucd 
tbe gases and their 
it vill be seen tfast m 
combustion of fod, « 
admitted to the fiii — n , 
of air to I of 
quantities evolrcd 
equally bo to snpplj 
certainty in tbis rr^ncl. let ife 
large, and by a Htlle Mt^tkm to ^ 
quantity of air 
bt contractfd till 
approximation to tbe 

Tbe Ct^ncmiraHom «f Ht^ ■ % 
ance in the econ<my of Ac ataK-^myie ^id tbe mdntiM 
arts ; and as much d cp en Ja ^nm tkc p w o i iiiu e of tliii hfM, 
it may be useful in tlua plve to direct tftentiDii to a (nr 
setf-evident facts, wUdi, if properir ittcDded to, viU k^ to 
oui^idemh^e saving is tkc Me isd mJifafina of koit- 

It cannot be doobtod Oat, after \^%b% ^T^ed the nil% 

conditions, and prc^wrtiOTs requjsiie far tbe geocntkn of heat, 

tbe whole of onrknowkdge may become obsolete unless the heal 

thus generated be closely presenred, and, if I may use the 

expression, k^pt tcarm. It would be vors« than nsde&s u> 

ftiidy economy in one department, so long as a lavish ei;p<>iidi* 

lure [i||oes on in another ; and haring once acauired a jFivcn 

quantity of heat, the uest thing to be done is to retain and 

prevent its escape. Caloric is a body which radiates in ^1 

liirtclions, and, unless surrounded with warm clothing or mm^ 

mailuctiiig substances, it is sure to disappear \ and. jjtiiough 

* WhcD flfliae U applied to a miiture of 1 vul. of olvfiknt n* wid il 
'^^ of atmoflphcnc flir, exploiiOA takes place, the produciJi Uriug vnt1xinJ9 
uids, wMcT, and nitrogen : thus we have 

I vol, oUfiaol^-t-15 vob. a^=C,H, + 0, + N|^ 
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tightly bottled up, it sets at defiance the closest and bard(?sl 
metals, and frequL^ntly escapes tLrougli the porca of the thickest 
iron and st^cl. Unhke giLse^ and fluids, such as air and water. 
it h only kept witliin bounds by an envelope of soft wool or 
pounded charcoal, and the highest temperature of heat may 
sometimes be retained by a sohd compact maas of lime and 
baked ciny. This ja strongly exeiiiijliiied in the conatniction of 
ovens and furnoceB, which, taken as a nde, will establish the 
principle on which heat can be preserved withont diminution 
till it is used- For this purpose we shoulri reeouimend the 
flues ondfuinaees of boilers and other fires to be closely encased 
with good building material adapted for the retention of heat, 
and all steam-boilers to be well covered and clothed, so as to 
prevent (as much as possible) the escape of heat in that direc- 
tion ; and for steam-engines, that all the steam-pipes, cylinders, 
&c- shoidd be closely enveloped in a thick coating of felt, 
canvas, or wood, and afterwards well painted. These precau- 
tions being taken, tlie effects will soon become visible in a 
saving of 15 to 20 per cent, of fuel. 

Oft the Pretention of Swok^. 

The ultLDiatuni of this iDquIry is twofold ; first, the comlrna- 
tion of fuel^ and secondly, the prevention of smoke. In the 
preceding investigation wc have endeavoured to establiah the 
laws which regulate and govern the combustion of fuel, and in 
that attempt we have also endeavoured to show the difference 
between perfect and imperfect combustion. Now, perfect 
combustion is the prevenlion of ^wke^ and whenever smoke 
makes its appearani^, we may reasonably infer that there is 
imperfect combustion, and, probably, the want of attention to a 
few simple niles la the cause- We have already incidcaf cd these 
rules, and shown from wcU-known chemical facts, that 1 atom 
of coal-gas reqnirea 8 atoms of atmospheric air for its complete 
combustion ; when that quaniity is at lift triaximum or in urccss^ 
there is rto smoke-, ichen this condition is not fulfdhd^ smoke U 
invariably pre/if/tl. It therefore follows, that, in order iu render 
the residue of the products of combustion transparent or^'mtoke- 
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lege," a supply of oir, amotmtmg tn fiftefin times that of tbc gases 
evolved, must be admittud. Should it exceed tiiat cjuantity, the 
effect will not be smoke, but an additional expenditure of ftiel to 
supply the loss of heat which this excess of air would require 
for absorption, rarefaction, &c. Hence tl»e nerirssity which 
exists for power to rcgulide the admission, if not the exact, at 
least of an approximate qaantity of air. On the other hand, 
should the supply be deficient iu quantity (which is often the 
rase), a dense voliiJiie of ^moke Is then visible, jicconipaided with 
all the defects and annoyancea of imperfect coaibuation. 

The variable changes which accompany perfect and imperfect 
combustion are not only visible, but may be proved by experi' 
metit. Let any [jersou app]y his hand to the tube of an Ajgaud 
gas-burner, and he will tiiid that the instant the aperture is 
partially closed, the flame immediately become-s elongated, and 
instead of a dear brilliant light, a diiU red tlanie» with a <lark 
volume of smoke, is the result. This shows the effect of a 
diminished supply of air; and the same may be applied to a 
steam-engine furnace, when imperfectly suppUcd with oxygen, 
when the gases paas off in opake vobimes uncciisiimed. and 
where a considerable portion of heat is entirely lost from that 
cauac. It has been atatcd that wc ainnot have fire without 
smoke ; but this is not the case in steam-boders, as a wcU-con- 
structed furnace, properly managed, furnishes many examples 
where bituminous coal is consumed in hu^e quantities, and with 
little, if any, ap]>caraucc of smoke. If coal were double the 
price, it is more than probable that a great improvement would 
shortly present itself, and that not exclusively in the supjiression 
of the smoke nuisance, but in a further extension of those 
dnties wherein eeonomy becomes a leading feature in the 
attainment of these objects. It is therefore futile to ui^e 
difficulties which have already been overcome, and where, in 
many instances, "the prevention of smoke" is accomplished 
with perfect ease, and with great benefit to the parties con- 
cerned. In attempting the total suppression of this nuisance, 
two important considerations require to be attended to eb 
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essential; the first of which is abundance of boiler ^are, imi 
the second a eufficknt mpply of air. For the last of these 
we have already given GuificJent iastmctions for its admission; 
and for the first we could not furnish a better nile for the 
capacity and power of boilers than that which applies to the 
steam-engine, namely, that of raising 33,000 lbs. 1 foot high 
in a minute. For example, suppose a stenni eugine of 60*horw 
nominal power to be worked according to the indicator up to 
90-horse, which, taken at 33,000 lbs. 1 fool high in a minute, 
we have then tt> calculnte, from data already given, the size of 
boilers required. Using these precautions, and never loading 
the eteam-enginc beyond its nominal power without enlarging 
the boilers in proportion, the effects will be an almost tobJ 
suppression of smoke, and a saving of fuel. 

To all those practically acquainted with the subject, it is well 

IMPROVED STATION.VRY BOILER, 

Fig. L 
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known tint a bodiT of Kmit^d capadtY. when o^^rvtirkM. otm^ 
6eJbrofJ, aad Od^ fift%$tg h fJk^ ^Mj^rr^f leiifi cormpta and 
Men iif tc^cifi wf^^m t^ opcrtsHons. Cnd<^ sudi cimim- 
ituees perfect combustion i^ out c^ tfie qaestkai. and tny 
attempt al erontuny is^ as h^retofbie, a complete failure- I 



Fig.^ 




IV* 




SaCTlOK AT AB. FKONT OF BOU.EK. 

hare been the njore particular on these points from liaviug 
witnessed intiumerable errors and mistakes ib this respect, and it 
cannot be too forcibly impressed npon the minds of tltc public, 
that a LARGS BOiLEK, IS one of the essentials absolutely necessary 
for the attainment of the various objects already insisted vifon. 
Description, — Ilgs. 1 and 'I represent a plan and longitu- 
dinal section of the boiler, with double Hues and double fitmnces, 
and figs. 3 and 4 a transverse section and end view. h\ thc«e 
representations it will be seen that the gases emitted from the 
fomaces d, cz x , are conducted along the internal tube^ into the 
return 6ne 5. From i they cross nnder the boiler below the 
aah-pit into the flue c, and fron] thenee along the opposite side 
of the boiler into the main flue d, which communicates with 
the chimney> From this description it will be observed that 
the gases do not unite until tbey have reached ee at the end of 
the boiler. At this point a chani^e immediately takes plare in 
the gaseous products, and that &oru one of two cauaes, as 
foIlowB; suppose Lhc himaee a X to be newly fired, and the 
fuel in it in a perfectly incandescent state, it then follows that 
the gases passing from a wiU not only be different in their con- 
atitucutd to those from ^X. but they arc at a mucb higher 
te[U[»erature ; and both furnaces haying ret^ived air as a 
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It therefore appears that about 26 square feet, an5 32j 
inches of pemiaEeiit aperture for the admiasion of tur, is the 
mean of tlie old and impravtd boilers. 

This proportion must not, however, be taken as a criterion 
for every boiler, as much depends upon the principle on which 
they are conatnicted; and it will be safer to adopt the meau 
results of the experiments as shown in the table, than to applj 
them without exception to every description of boiler and 
furnace. Taking, therefore, the mean of the whole experiments, 
we niftj' safelj atlmlnifeter the following supply of air behind the 
bridge. 

For cylindrical, waggon-shaped, and every deseription of boHer 
of the usual constructiou, give permanent opening for the 
admission nf ajr of 1 J- square inch to every sfjuarc foot of grate- 
bar ; and for every square foot of grate-bar surface in the 
double-furnace and doublc-flued boiler, about an inch for the 
same purpose*. 

Praeticdlly eoiisidered, this will be found a near apprcxiiua- 
tion to the correct quantity of air required for the support of 
effective combuistion in each ; and provided ncccssaiy attention 
is paid to eon si derations involving the eon sump tion of bitumi- 
nous coal, of different kinds^ we may reasonably infer a greatly 
improved process in the use and absorption of our mineral 
fuels. 

In the eombustion of splint and slaty coal, a different treaf- 



ench Bide of the furaaci;^ Oa tbis plan the q\i was heated by the poAaiog 
carri?nt£, and by a comniunicalioa ^om the aiT-chamh» to an opening in tbe 
arch plate over tlie fumace door -. t3ie air ttiua rarefied waa forced duHDwarden 
by the form of the opentng in tbe plate, direct upon the fire. A Tarkty of 
other acbemes were tried by Mr. Wakefield^ Home of ihera BurceasfuUy ; and 
iX la only juatice to tbat ^utlemEui to fitaCc, that a conaiderahle portion of 
hiR life wns devoted to iTQpro7ementa in steam-boiTer furnace^, and tlie abate- 
ment of a auiaoncc vhich at that period (neatly thlrCj years ago) w&s justly 
complniaed of, 

* Mr. C' W. WilliaoiB ajaiataJne that 4 to G square iaches ia not too much 
for the admisBioii of air behind the bridge; but in tbeee eipciimcntE rt certain 
praporticn was pDaBitig through the faritafp door? independ^ntiy of the supply 
by tbe uaual chajmcl hetuccn tbe grate-hars. 
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ment will be required as respects either tlie aiitlimcite or the 

bituiniaous kinds; the one is obdurate and hard, the other is 
compoct, and in some maf.anccs liquefies like piteh. Now the 
splint aud slaty specimens burn openly aijd rapidly, and therefore 
require less air, exclusively of what is tnkcn through the grate- 
barsn 

In some casts it raay, however, be necessary to overtjike and 
effect the ignition of such gasea as may escajje over the bridge 
anconsunied, and for this purpose, in some deacriptiona of light 
cool, it may he desirable to admit about half the quantity uf air 
used in the coiubnatiou of the bituminous kinds. 

The ullimate results are. therefore,^ 

A perfect knowledge of the properties of the fuel used, and 
judicious tiianageruent in working thi5 fires. 

Ad increase in the area of recipieut surface of the boiler in 
the ratio of the fiu'naee as 1 to 18 j or what is the same thing, 
a reduction of the grate-ljar surface to that proportion. 

A coastant supply of air (through Ji fixed aperture) of 1^ 
square inch to every foot of grate-bar in common boilers, wbeu 
burning bituminous cool ; and about au inch area when using 
splutt coal. Tliese openings should, however, be regulated in 
the first instance by hand, until the mean or maximum effect in 
reference to the fuel ia obttuiied. 

A complete covering of felt, or some other non-cxinducting 
snhslanee, to be applied to the exterior parts of the boiler, aiid 
the flues to be well protected on all eidea from the external au'. 

On A strict observance of these rules will depend the question 
of ffmoii? or no mnoke, and also whether an important iiconomy 
ill the use of fuel shall or shall not be effected. We are assured, 
from the experimental facts already recorded^ that both these 
objects can he aceouiphshcd, and it rests with the community 
to determine how far they shall be carried into effect. 

At the time of entering upon this investigation, it was my 
intention to have conliucd it within exceedingly narrow limits: 
it was, however, fonnd to increase in interest as 1 advanced -, 
and from the nature of the subject, and ihe unuiber of eouHi- 
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derations connected therewith, I became involved in a long and 
important inquiry ; an inquiry progressively developing new 
features, and admitting of no curtailment exempt only iu such 
matters as did not directly bear upon the subjert. As it is, I 
fear I have but imperfectly discharfjfed the duty entrusted to my 
it is, however, done lionestly; and trusting to future 
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developments in the hands of superior writers, I close the report 
under the impression that tlie preceding invest igntioas may 
direct public attention to tlie extension of our knowledge and 
improvement of our practice in the combustion of fuel and the 
prevention of smoke. 

Since the foregoing was written — upwards of eleven yenn 
ago — considerable improvements and advances have been made 
by a great number of persons to remedy the evil and suppress the 
nuisance of smoke. Jjocal Acta of Pailiament, almost without 
number, have been obtained for this purpose, and the hands of 
municipal and corporate bodies have been strengthened for the 
more perfect attainment of these objects. Almost every town 
of importance in the kingdom, where steam-engines are 
employed, ot manufactures ore carried on, have powers and 
clauses in their loco] acts to enforce the observance of the 
required conditions for the abatement of the nuisance; we 
are, however, still far short of the panacea or cure for the evil ; 
and although we might enumerate almost a hundred piofefl- 
sional remedies, how very few of theiu do effectually succeed! 
This is probably not so much the fault of the doctor as the 
maliprnaiit character of the disease j and we have yet to leam 
whether this want of success arises from want of skill or defects 
in the process adopted, or, what is equally probable, from 
gross mismanagement on the part of those who have charge of 
the furnace. 

The cauae of these differences are questions not easilj 
answered, but all appear to agree that the tiling can be dooe, 
and the great problem for solution is, how to do it. If we ask 
Jukes, Prideausj Hall, Hazeldine, and many others, wc an} at 
once referred to their respective friends and advocates, and 
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upcm inquiry we find th&t each of them EiDSwerB admirably well. 
Nevertheless, in the face of &il these asaertioos, and tbe actual 
demonstrations we h&ve received, there is somethiog wrong, 
something defective, which renders the whole of their projectSj 
to a great extent, abortive. Now, to remedy these cvila is the 
grcAt question For solution ; it ia still an open ijuestion, and one 
well deserving atteution. 

Repeated attempts have certainly been made to TemovCi or at 
least to mitigate this nuisaDcc ; and the authoritiea of most large 
towns have been active in their endeavours to suppress it. It is 
probfibly more ofienaive to the eight thaii injurious to the liealth ; 
but judging from appearance, it is destructive of vegetable life, 
and productive of the worst consequences as regards the purity 
of the atnio&phcre ; it hangs^ like a black mantle, over the sites 
and precincts of our large (owtis ; and viewing it in this light, it 
is most desirable (by some means or other) to have it removed. 

The difficulties which surround this important question, 
appear to lirise, mit hO mucli from a want of knowledge of the 
principle upon which the cure should be effected, but from the 
ditBculty in finding workmen calculated to cany the required 
me&Hures into effect. This appears to he the more singidar, as 
fiome workmen seem to [lerform the duty required of them in a 
very creditable manner, aud that more particularly whoa they 
are watched and carefiUly inspected to see that they do their 
duty. Now it is a question of deep interest to know what is the 
cause of this, and in my endoavours to effect a change for the 
bctti^, I have rceomtnetided to the civic authorities at Glasgow 
and Liverpool to hold out premmms and rewards to engineers 
and stokers for the dLHappcG.rance of smoke in their rej^pective 
establishments, and thai just and equitable fines should be 
imposed when that ie not effected, aud along with it a saving 
of fuel. 

These measures have been enforced in a joint report drawn up 
by Mr, Leslie of Edinburgh, Mr. Johnstone of Glasgow, and 
myficlf, addressed to iho Dean of Guild, at the instance of tliat 
functionary against Messrs. Todd and HiggiiiboLtom of that 



88 ON STEAM-aHGINE BOILXKS. 

city, for a Buisance in one of tpheir chimneys emitting Ui^ 
volumes of smoke in the immediate neighbourhood of a large 
and populous district. 

In addition to the suggestions cont^ed in the Gksgow 
Report*, I shall conclude by directing attention to the following 
rules appended to a similar Report addressed to the Corporation 
of Liverpool. These have been submitted to the public as 
recommendations to be ob^rved in the management of the 
furnace ; and assuming that the instructions therein given are 
carefiilly attended to, we may reasonably look forward to a con- 
siderable abatement of the nuisance. 

R&COMMENDATIONS FOB THE PREYEHTION OP THE SmOKK 

Nuisance. 

1st. Enginemen and stokers should be instructed to charge 
their fires, commencing &om the end nearest the bridge ; wd 
before throwing coal on the furnace, the incandescent or partially 
burnt fuel must be spread, in order effectually to cover the 
grate-barSj and prevent the admission of a surcharge of cold air 
between them at any uncovered part. 

2nd. The draught of the furnace may be regulated by the 
damper, which, in slow combustion, is only raised a few inches, 
in order to retain the heat as long as possible in the flues and 
round the boilerj time being an element in combustion. WItere 
active firifi^ is required, and the charges of coal are made in 
varying quantities and at intermittent intervals, doors on the 
ash-pit and slides to regulate the supply of air to the gases will 
be preferable to the use of the damper. 

3rd. The furnace or grate-bars should be kept clean and free 
from clinkers, for the purpose of admitting as much air as may 
be necessary to combine with the soHd or incandescent hie), and 
a sufficient number of orifices should be made at the door for 
the admission of the required supply of air to effect the combus- 
tion of the gaseous portion of the coal evolved in the chamber of 
the furnace, and above the fresh charge. 

• Vide Appendix, No. VI. 
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!. In eveiy ewe where it cod be Roootoplisliecl, tbe boilers, 
fteam-pipes, and everj port exposed to tbe atmwpbi^re should 
I>e cflLTefiilif clothed and covered with non-coududiDg toatcrul 
to prevent the e£cape of heat. 

5tb. Id all case^ of active combustion, the system of the difiu* 
sion of air throcgh the funmce-doors. behind the bridge, or in 
both, shuuld be used to prevent the air hnving a cooling effect- 
6lh. In the construction and erection of boilers, tbe pjTO- 
metcr and sight-holes should be used ; tbe first to ascertain the 
varying tt^iupemlures in tbe tlues, theadiul&HJon of air and mode 
of charging the fiunace; and the second, to enable the fireman 
lo obaer%e the voiying internal state of the flues and furuaee, 
either as regards combustion, flame, or smoke- 
Lastly. Proprietors of steam -eiigints should ascertain by 
experiment the quantity of coal necessary to perform & given 
([uantity of work ; and the engineer, or tbo^ responsible for the 
working of the boilers, should be allowed a premium on the 
quantity of coal saved, ami be Subject to a proporliuiiate fine 
fur neglect, or for permitting the appearance of smoke*< 



* L& onJer to render the first rccommeTidiktion mott eiplicit, 1 have thowu 
h the flnneifd figure the mofLi approved method iit use for r^hargmg th« 




'!■"»»«. A r<:jjrc5ent3 iJic covering of hi^sh fueL B Elic iiiraiidescetit fuel, 
ifldDi},^ bnct bridge ov^t wliicb the gft&eouB producta pm iuto tbe Huca, 
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Note bt Mr. Faiilbair:^, beiwq aw Appendix to tbe 
preceding. 

DiiriEg ILe progress or about the close of the above Heport^ I 
foujid that my friend and former pupil, Mr. A. Murmy, bad 
communicated a paper on a similar subject to the Institution of 
Civil Ungineera, entitled " The Construction and proper Propor- 
tion of Boilers for the Generation of Steam," ■ 

Mr. Murray has had many opportunitiefl of judging of the 
best forma and proportions of marine boilers, and, from the 
facilities afforded in his professional avrxations at the Royal 
Dockyard, Woolwich, I am induced to (jUot« a few of his obser- 
vations relative to the area of the flue, bridge, cliimney, &c., 
which have in some degree been omitted in the preceding 
Rtpoi't. Tn treating of the quantity of air entering into combi- 
nation with the volatile products of pit coal, Mr. Murray states, 
that *' The quantity of air chemically rerjuircd for the combus- 
tion of ] lb- of coal has been shown to be 150'35 cubic feet, of 
which 44'64 enter into combiuolion with tbe gases, and 105'71 
with the solid portion of the coal. From the chemical changes 
which take place in the combination of the hydrogen with 
oxygen, the hulk of the products is found to be to the bulk of 
the atmospheric air required to furnish the osygea as 10 ia to 
11. The amount ia therefore 49'104'h Thia ia without taking 
into account the augmentation of the bulk due to the iucreasc 
of tlie temperature. In the combination which takes place 
between the carbon and the osygen, the resultant gasca (cfir- 
bonic acid gas and nitrogen gas) arc of exactly the same bulk 
aa the amount of air, that is, 105"71 cubic feet, exclusive, as 
before, of tbe augmentation of bulk from the increase of tempe- 
rature. The total amount of the products of combustion in a 

In this diagram it will bft aeeu, thfit Imforc firing, it lb necesMry to sprrad 
the int^nndescecLt fuel over tbe suiiace of the grate-bHra, so u to prevent tbe 
ndmisHion cf too mucb Fold air ld thnt dircctiaii. This being ac?eomp]iab»d. 
the fteah coal is then thrown on, commencing at the bridge D, Had workbg 
backvardfi towonb the front, until the trhar^e ie completed. 
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ol State would therefore be 49'104 + 10o'7l = 154'814 
cubic feet. 

" The general temperature of a funiace has not been very 
Batisfaetorily ascertained^ but it may be stated at about 1000'' 
Fabrenbeit> and at this teoaperature the products of combustion 
would he increased, BfiXJrding to the laws of the cjcpunsioii of 
aeriform bodies, to about three limes their original biilk. The 
btilk> therefore, of the products of combustion which must paaa 
off must be 154'&14X'i=464-442 cubic feet. At a velocity 
of 3C fe^'l per second*, the areaj to allow this quantity to pass 
off ia an hour, is '516 square inch. In a furnace in which 
13 lbs. of coal are burnt upon o square foot of grate per hoiu", 
the areji to every foot of gnite would be fjlGx 13;=G'708 
square inches; and the proportion to each foot of grate, if the 
rate of combustion be higher or lower than 13 lbs., may be 
found in the same way. 

" This area having been obtained, on the supposition that no 
more air is admitted than the quantity chemically requii'ed, and 
that the combiistion is complete and perfect in the furnace, it ia 
crident that this area must be much increased in practice where 
e know these conditions are not fulblletl, but that a lai^e 
lus quantity of air is always admitted, A limit is thus 
foimd for the area over the bridge or the area of the flue imme- 
diately behind the furnace, below which it mnat uot be 
decreased, or the due quantity could not pass off, and, conae- 
soqucDtly, the due quantity of air could not enter, and the com- 
bustion would be proportionally imperfect. It will be found 
advatitngeoua in practice to make the area 2 square inches 
instead of '516 square inch. The imperfection of the combus- 
tion in any furnace, whon it ia less than 1'5 square inch, will be 
rendered very apparent by the quantity of carbon which will 
rise unconsunie^l along with the hydrogen gas, and show itself 
in a dense black smoke on issuing from the chimney. This 
would give 2E5 squaro inches of area over the bridge to every 
uare foot of grate in which the rate of combustion is 13 lbs. 
* Sec Di. Ure s cxpcriineatB, read before the RoyrJ Sc^ciet^f, Jaae 183G. 
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of cool on each square fcKit per hour, and so in proportion at 
any rate. Taking thia area as the proportion for the producte 
of combustion immediately on their leaving tbe furnace, it may 
be gradually reduced as it approaches the chimney, on account 
of the reduction in the temperature, and, consequently, in the 
bulk of the gases. Care must, however, be taken that the Sues 
are nowhere so contracted, nor ao constructed, as to cause, by 
awkward bends or in any other way, any obstruction to the 
draught; otherwise similar bad consequences wUl ensue." 

From this statement it would appear that 26 square inches 
of area over the bridge is about the correct proportion for the 
combustion of 13 lbs. of coal per hour on each square foot of 
grate-bar- Now these proportions are rather more than are 
given in stationary boilers, as the mean of a number of experi- 
ments, taken where the combustion was most perfect, gave 
about 18 square inches over the bridge, and about 28 square 
inches as the area of the flues te every square foot of grate-bar. 

These data may not at first sight appear important; they are, 
however, of great value in practice, as the economy of the fuel 
and the efficiency of the fiimace in a great measure depend 
upon the height of the bridge behind, which operates as a 
retarder of the currents, in the same way as the damper is used 
for checking the draught of the chimney in the flues. 

Mr. Murray further treats of the temperature of the furnace, 
flues, &c., but these points having already been experimented 
upon and fully discussed in the Report, it will not be necessary 
to notice them in this place. 
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LECTURE V,» 



ON THE NECESSITY OF INCOEPORATING WITH THE PRAC- 
TICE OF THE MECHANICAL AND INDUSTRIAL ARTS A 
KNOWLEDGE OF PRACTICAL SCIENCE. 



Ir I possessed a. command of language capable of rendering 
what I have to comuianicate tolerably uttrflctive, I should pro- 
bably have less difficulty in making tht: subject, on which 1 
venture to address you, clearly and explicitly understood, I ap- 
pear before jou at the Request of the Dirt-ctore of Ihis Institution, 
and I hope, notwithstanding the defects under which 1 labour, 
to be able to cngf^e your attention on a subject of some im- 
portance, inasmuch as its true appreciation may lead to results 
in every sense calculated to improve our practice and enlarge 
OUT conceptions in the pursuit of oiu* respective callings. 

In attempting to investigate the present state of our know- 
ledse of the constructive arts, I have been induced to believe, 
that, altbougb we may be considered to rank aiuongal the first 
in the art of mechanical design and construction, wc arc. never- 
theless, not the ftral in some other departmenlfi of the useful aria. 
To make our position more clearly known, I shall endeavour to 
point out wherein our superiority consists, and wherein 1 con- 
ader we arc behind the inventive talent and practice of other 
■tries. 

There cannot exist a donbt ttat we are far from perfect and 
ive much to Icam in this respect. The Great Exhibition of 

* Detivf^reJ, at the request of the Dircctois. lo the Mcmbera of the Man- 
»tcr Mech&niu' lasdlutioii, March 185^, 
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last year directed public attcotion to oiir position aa an indus- 
trial people^ and one of the lieneficial results of that immenae 
and varied colIe(;tioii of constructive art is observable in the 
notice which the subject is now beginning to receive in quarters 
beat calculated to direct the public taste, and encourage a 
better and purer stvle of construction. It is a singular but an 
important fact, in coimtriea where the industrial arts are cul- 
tivated with the greatest success, that the principles on vrhich 
they arc founded should be ao imperfectly understood. How 
veiy few of our best practilionera in Architecture, Civil and 
Mechanical Engineering, are acquunted with the rudiToents, or 
even with the simplest theoretical rules of their professions ; and 
how often have they lo depend upon chance^ instead of sound 
elementary knowledge, for the various constructions on which 
they elaborate defective, if not abortive r^ults! I have myself 
laboured, and still labour, under these disadvantages, and it is 
from a consciousness of this deficiency that I now address you. 
I do so under the impression thiii. our successors may attain 
greater distinction, and greater certainty, in the strength, beauty 
and proportion of theii constructions, than wc have hitherto been 
able to accoraphsh. At the present moment, and for many ycfirs 
past, we have suffered severe iufiictions on our national pride, 
in being called upon to witness failures and abortions in 
the art of construction, which a cultivated taste, superior skill 
and extended knowledge would have preventetl. Tliis is a 
national reproach, and the example of the past will continue to 
bo the rule of the future, so long as we have to grope our way 
in the dark, under the guidance of prejudice and ignorancCj 
instead of licing governed by sound principles and correctly 
determined laws calculated to produce very different and much 
happier results. 

To render the subject on which 1 purpose to address you as 
intelligible and as explicit as possible, I shall adopt the useful 
practice of dividing it into heads, as follows t — 

I, On the necessities which exist for a knowledge of science 
in union with practice. 
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II. On the importaoce of national echools and infltitutee for 
importing adentific knowledge to foremen and managcra of 
works, 

m. Educational institutions established on the continent of 
Europe and America. 

IV. Ditfercnces of scholastic institutions in this as compared 
with those of other countries. 

V. On ibe comparative state of our niannfactmring industry 
as applied to cotton, during the la&t and the present centuries. 

VI. The increase of other branches of industry in a similar 
ratio to that of cotton. 

Lastly. Sclf-ficiing niachinee, and their application to con- 
fltructivc science, 

I. On the necessities which exist Jbr a knoivled^e of science in 
union with pran-tiee. 

It is ex traor dinar}", that in this country — which, above all 
others, is famed for the extent of its manufactures, mochanical 
skiUf and extensive practice m the useful arta — there should be 
no institute, nor any establishment whatever to teiteh and 
instruct tho rising generation in the elementary ndes of their 
respective professions ; these, of ail others, ore the most im- 
portant to the community, and the best calculated to enhauce 
the value, and extend the influence of oar industrial resources. 
In my opinion, every one should be tiiughl the rudiments and 
higher branches of their professions upon the same principles 
as barristers or physicians are tauglit, and, with this difference 
only, that no man should be inehgible to practise his profession, 
whenever he finds himself competent to the discharge of its 
duties ; any enactment to the contrary would mihlate against the 
freedom of labour and the employment of capital^ and if carried 
out would paralyse the best interests of a manufacturiDg and 
commercial community. Every person intended for professional 
pursuits in couuexiou with the art of construelion^ ahould have 
a theoretical as well as a practical education. They should be 
taught the fundamental rules connected with their respective 
professions, or at lenst so much of theory oji wonhi enable them 
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to enter upon the practice with some degree of certainty, and 
that more especially in the practical development of those prin- 
ciples on which the safety of the public and the success of their 
professional career depend. 

It is absurd to talk against theory, as if a knowledge of the 
exact sciences was a dangerous and a useless attainment; 
nothing can be more erronsoos than this impression, as on ckise 
inspection there is no practice without theory, any more than 
there is no effect without a cause. In the useful art«, theorj 
can only be considered dangerous when it is not reducible to 
practice, and the real meaning of the term theory^ — which creates 
so much alarm in the minds of practical men, — is neither more 
nor less than a series of definite rules by which practice is 
governed, and through which we derive, from fixed and defi- 
nite laws, those sound and definite results, which of aH others 
it is the primary object of practice to accomplish. In the 
Mechanical Arts how difficult, precarious and unsatisfactoiy are 
the thoughts of men unacquainted with first principles, and 
how very often does that deficiency lead them into mal-con- 
struction and those errors which a knowledge of science would 
teach them to avoid ! It is true, that some of our first engineers 
and some of our most ingenious mechanicians have been men of 
limited education — men of humble origin, but how much more 
perfect would have been their labours had the emanations of 
their minds and their subsequent constructions been based upon 
the unerring laws of natural science ! 

A knowledge of the exact sciences must be valuable under 
every circumstance of life, and this knowledge when united to 
sound judgement is irrevocably the forerunner of a sound and 
perfect construction- I could multiply examples where igno- 
rance — as a pretender to knowledge — has been productive of 
the most untoward results, not only in abortive attempts at 
construction, but in those on which the lives and property of 
individuals depend. It is not an uncommon occurrence 
to witness in works of this kind the most glaring imper- 
fections, a waste of material, and a total want of proportion 
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arifiing from tte absenco of tliis knowledge ; and iii order to 
h^s^n the number of tliost^ discrc|nuici(:s, our practical meai 
abaiJd be educated, and that education should be accompanied 
with the conviction that sound praclico can never be attained 
wit-hont some detinil« rule for its guidance. Fully impressed 
with these views, and the advimtagcs to be derived trom theory 
in the exercise of a wcll-foimded practice, 1 ehall endeavour to 
prove from evidence which I poaecas, that theory and practice 
are the twin sisters of science, and cannot he separated without 
end jtnge ring the conneiiou, or destroying the beauly, harmony 
aad BoUdity of construction. 

II. Ojt t^c importance of national Softools a^d imtiMe» for 
impard tt^ xcientifc kiimchd^e lo fore-men mrii mnnagfrs of uyjri'S, 

Before I direct your attention to the facts wliich I propose to 
lay before you, I would tiTBt advert to the present inefficient state 
of our educational resources, the imperfect means we have at our 
difl[ioj^a1, nnd the advanbiges we might dtrive fiom well-con- 
ducted and well-organized iuatitutions, such as are now esta- 
blished and hold out encouragement to aspirants for Bcicntitic 
distinction in other countries. It is essential lo the proa|)erity 
of every country, — and to none more so than our own, — thai 
the industrial arts should be carefully nursed and cullivatcd 
with energy in every department, and by the introduction 
of increased intelligence, every endenvoiu' should he made to 
perpetuate to succeeding j^enerntious an improved and healthy 
progression. 

To eftect the^e desirable ohject.s, we tniiat rear for futiu'e 
service a more inteUigent and better educated class of foremen, 
manogerB and workmen- We must enlarge their sphere of 
action, and prepare them by suitable instruction for their re- 
spective callings. We must offer tliem, at a cheap rate, such 
rudimentary and theoretical knowled^ as will qualify them 
for the due and faithhd performance of their duties, and thus 
raise them to a higher standai'd of cliararter, both a^ indi- 
viduals, or members of the communily. To elevate (he mind 
and improve the intellectual character of the rising generation 

n 
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muet be a vork of timo* but tlie necessitieB of the age ilemaud 
incrcaaed intelligence in our workshops, and in every other 
department of our national industry ; and anj attempt to improve 
the condition and enlarge the mental capacitios of that im{>ortaut 
cksa, must eventually lead to the best results. 

It is evident to every reflecting mind that society nc\Tr stands 
still ; there is a restless activity abroad ; and if ever we become 
stationary, it is easy to foresee that others will reap the harvest 
of OUT past labours, and be first in the race of national auprc- 
macy. 

It is true we have our Mechanics' Institutes, Athen^iuns, 
Lyceums, and many similar institutions, which do honour to 
the country ; but they arc so constituted, or perhaps the persons 
for whom they were instituted are so constituted, as to justify 
the observation that they have failed to serve the particular 
classes for whom they were originally intended, and they have 
probably been still less efficient as regards the advancement 
oC the industrial arts. We arc stil! in want of institutions and 
museums for scientific and industrial tuition, and until such 
institutions arc established in the metropolis and in some of the 
large towns, and in active co-operation with the middle and 
working classes themaelveSi we may look in vain for that comlfl- 
ration of talent, in theory and practice, the want of which must 
sooner or later seriooaly affect the destinies of our manufacturing 
and mechanical uidustry. 

m. Educational institutions esfMlis&ed on tie continent of 
Europe and America. 

Let ua now examine what has been done and what is now 
doing in other comitriea by means of educational institutions of 
practical science ; and suppose we select the " Conservatoire dca 
Arts cfc Metiers" at Paris, because from this we may Icora our 
own deficiencies, and the evils we are suiFering in perjjetuating 
errors and abortions in construction, which a very small share 
of nidimenlary knowledge would quickly remedy. The "Con- 
servatoire dcs Arts ct Metiers '' originated first with Desrartes, 
and subsequently with Vancauson about the year 1775, and from 
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that time up to the present it has received the auppoilH of the dif- 
ferent, governments that have ruled France. It is now under the 
superintendence and direction of Colonel (now General) Morin. 
one of the tiigheat scientific authorities of that country. 

Colonel Loyd — one of the special Com missi oners of llie Great 
Exhibition — in his letter to Lord Granville, says, " That the 
lessons we have learned in passing through the extensive 
galleries of that college* must have impressed on the mind oF 
every visitor the great superiority in education which PrHiice 
thus possesses for the industrial classes ; and in couuexiou with 
the Btill more extensive branches of instruction in the ' Ecolc 
des Arts et Metiers/ it will go far to discover to us why a 
nation so close to out shores still maintains, in several classes 
of manufactures and design, a superiority over the artists and 
workmen of our own country/^ Trom this it would appear 
that almost any young person iti France has excellent opportu- 
nities at command for obtaining both theoretical and practical 
knowledge in all the departments of the sciences, lie can 
study at his leisiu^ the progressive improvements that have 
taken place in the different machines connected with the manu- 
factures, and he has before him practical illustrations and prac- 
tical specimens of materials, including modeb of machines and 
tools of eveiy description, which ai-e here deposited and reserved 
for purposes of instructionH 

Colonel Loyd ogaiii ob3er\'es, that " Education ia so cheap, 
that the acqnirement of high scientific knowledge in connexion 
with interesting demonstrations and mai^ipulations of nil descrip- 
tions becomes to the youth of France so fascinating, that at on 
early age they often pass an esaminatioii showing such high 
qualifications in hoth ai'ience and the arts, that the services of 
these young men are sought for by all the manufacturUig 
Gouutries in Europe." 

Now what is to prevent oiir having similar institutions ? WTiy 
cannot we add to the native energy and skill of our own 

* On the ocrntioa of a vifit of the Ro^d CommieEioa and Jurora of tLe 
GrcaT EihibidoD [o Parbn August \S5\. 
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artificers, that amount of knowledge of the exact sciences which 
would enable them to pursue their different avocations, not onlj 
with greatly increased certainty und effect, but with all the 
advantages which a system of instruction in practical science is 
calciiUted to produce, and which would iiltfiiiaLely extend itself 
into every branch of the industrial and the useful arts? This 
niight certainly be Eiccompliahcd, provided wc had a more gene- 
ral syatent of national cdncatiou; a system, sanctioned by all 
classes of the coniiiiimity, jidfipted to the inti'lk-cl iml wan Is of 
the people, and such as would sink all religious differences in the 
advancenicEit and improvement of the community- 

But what does Dr. Lyon Pkyfair say npon the auhject, in his 
innuf^iu'al address at the opcnuig of the Museum of EcoDomic 
Geolojj:y? In quoting from Liebig, he observes, that '* ih* 
great desideratum of the present age is practicjiUj manifested 
in the establishment of schools in which the natural sciences 
occupy the most prominent places in the course of instructioa, 
tVom these schools a more vigorous generation will come forth, 
powerFiil in understanding. (|nali[ied to appreciate and toaccom* 
plish all that is truly great, and to bring forth iruit of universal 
usefulness. Through them, the resources, the wealth and the 
strength of empires will be incalculably increased- Institutions 
such OS these are not substitutes for, but supplementary U> our 
universities. It is the industrial training which we profess to 
give, end nothing else, which is subsidiary to that object. Not 
that we do or should forget abstract science as such, became I 
believe the discoveries in abstract laws are of more real benefit 
to industry than their immediate application." It is thus that 
the lecturer reasons on the necessity of union between the sci- 
entific and the practical student, and I slneerely believe that there 
is yet before us a coming age when the exact rules of physical 
truth will be brought to bear upon the constructive and usefol 
arts, with the same certainty and effect in the practical operations 
of the artificer and the mechanic, as they now do in the labora- 
tory of the chemist or the observatory of the astronomer. 

Now in order to acquire thcac important desiderata, we must 
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edncatc and elevate tht intellect of tlit industrial classes to a 
higher standard of scientific acquirement than that which at 
present exists, and wc must give to the mcchaoica and artisans 
of these islands the same faciUtics for obtaining knowledge as 
c\ist in other coimtriea. This, you will observe, cannot be 
accomplished without schools ; and unless somcthiiig is shortly 
done, we shall rather recede than advance in the great road of 
improvement. ^ 

I have already stated that the French had lonp; witnessed, 
not without interest, the wants of tbc rising generation, parti- 
cularly as n-apccts a more extended knowledge, and a soimdcr 
edncation for those persons destined Ui follow ifidustnal occu* 
palions. To meet these wants, the '" Coneervatoixe des Arte et 
M^jticrs" was cstabhshcd. Professors were appointed to give 
lectures and instruction in arittmctic, elementaiy geogra|>hy, 
weights and measures, statics, dest-riptive geometry, atoue- 
cnttiug, ctirp entry, cabLaet-mflkers' work, perspective mcchaniea, 
transmission of motion^ bydi'odjTiamics, including descriptions 
of instruments of all kinds, designing — phiin and oniaiiientid, 
machinery, architecture^ and many other important subjects, at a 
cheap rate. These c^niprige a course of instruction given to up- 
wards of 300 students, who receive an education fitting them for 
situations in llie higher branches of coTistrucliou, lu the military 
03 well as the civil professions, and hence arises the superior 
knowledge in that country which is brought to bear upon the 
useful arts. 

But even this school was not sufficient to meet the growing 
demand for kuowlodgc in France, and some years since it was 
followed by another, entitled the Central School of Arts, " Jk-ole 
ceniraie Je9 Arh et Mffjiff/av/f/rei^" In this sehool the middle 
ebssfis receive an excellent education, and some of the most 
distinguished men in France, sueh os Olivier, Martelot, Massou. 
Dumas, Belaiiger and many others, do not hesitate to give lec- 
tures and conduct the different branches of practical science. 

In other countries, besides France, the same attention has 
been bestowed upon the education of the mechanic and the 
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artisan. Prussia is famed for its educational institutions, &ad 

the Government, iu its solicitude for the well-being of society, 
renders it imperative (liat every person in tho Prussian 
dominions should be educated, A distinguished writer, sjMjatdng 
of societies, says that " associations for occasional discussion, of 
men pursuing the same or similar studies, have long been found 
advantageous for the intercooimunieatioD of the difficulties, the 
doubts and the diicoveries of students. In more recent times^ 
when each art baa gradually connected itself with the sciences 
un which its success dependa, the iniportaBce of these meetings 
has become obvious to tlie manufactiu-eri although in lliis 
country it may not have become apparent to the statesman/' 

In these sertiments we have every encouragement for inter- 
communication and discussion, and I cannot too forcibly unpress 
Upon your minds the necessity which exists for forming your- 
selves into societies for mutual instruction. 

IV. Br^ercnces of scholastic imiittctions in thU €M campafed 
mith (hose of aiher coPuln'ejf. 

The Accademia del Citnento of Italy, the Royal Society of Lon- 
don, the Academy of Sciences at Paris, have had a long scries 
of imitators in the principal cities of the civilized world. The 
increasing extension of science, and the wants of its cultivators, 
have led them to a subdivision of their pursuits, and to form so- 
cieties generally devoted to each separate department of science. 
The diffirsion of scientific knowledge, so graphically described by 
Babbage, is still far short of the objects it is desirable to attain. 
In thia lai^ and important manufacturing district, wc have no 
museum of the arts and mauufactines, no collection of the 
various raw materials so extensively consumed, no depositary 
for models or machines for illustration, and no pubJic profossor3 
to direct and demonstrate the truths of natural science. Every- 
tlting is left t^ tlie novitiate himself, and provided he is ardent 
and enthusiastic, he may rise to distinction by the force and 
energy of his own mind ; but very limited indeed is the assist- 
ance he is likely to derive from the institutions of his country. 
I have myself contended against, and overcome to a certain 
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extent, the struggles and difficulties which always beset the 
early ainl alau the after-life of the self-tauglil aspirant in the 
walks of science ; and fully persuaded that these dilficulties fre- 
quently overpower the good resolutions of iho student nt the very 
threshold of his labours, I am the more anxious tft sec them 
removed, and at the siuue time to see established in this eitj* au 
industrial museum and institute calcidated to meet the wonts of 
the pubhc, and to afford to our successors those advantages of 
elementary instniction which have unfortunately been denied 
to ourselves, but which are imperative for securing the ascend- 
ency and success of our maiiufacturee in eveiy branch of 
iudustry. 

I will not detjiin you with further observations on this part of 
the subject i suffice it to observe, that I entertain hopes that the 
Great Exhibition, so recently closed, has not oidy shown what can 
be done by united efforts, but has imparted a stimulus that hs^ 
been felt in the remotest parts of the kingdom j iind this willj I 
trust, not only inspire the public mind of this district with a 
desire to erect, but liberally to endow an instimtion which will 
promulgate the truths of science, and enlarge the field of obser- 
vation in every department of industrial pursuit, and wMeh in 
future [iges will speak well for the talent and industry of our times. 

I have now to direct your attention to a few remarks on 
those constructions which have done so much for the country, 
and which now afford employment to so many thousands of 
ns in these diatricta. 
Oil the {comparative fifate of our manitfacliirx'ag ti/dtistry av 
to cottQ7t, duriflg the iaat and th^ pr&sent a^nturies. 

Before entering upon the more immediate objects which I 

ve selected for your consideration in the next lectm-e, permit 
me to offer a few observations on a subject exceedingly interest- 
ing, and to which I beg to direct your attention. If we take, 
I will not say a atatiatical, but a veiy cursory view of the 
present position of Manchester, and compare it with what it 

• Not only ia Manchester, iht city to Vfkich T refer, tut in many towns in 
Ui« kingdom, having c claim to ui improved and general aystem gf eduoatigQ. 
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was at the close of the last and the commcncemeTit of the 

present century, we shall find that at that period the useful 
industrial arts were comjiaratively of little importance. 
shall also lind that the genua of a uew, aud abovt^ all others, an 
important brunch of manufacturing ii^dustrj^, were springing into^_ 
esistcnce. I have bo correct returua of the state o[ our imuiufao^l 
turiug iiidustrj at that p*:ritnl, but the writiugs of one of the 
earliest and most intelligent spinners, Mr. John Kennedy of 
Ardwick, to whom tlia country is indebted for many improv 
ments in machinery, inform us that thp spinning of cotton-y 
imtecedent to the year 1768, was of an eiceedingly limi 
description- That gentleman, in his accouut of the rise and 
progress of the cotton trade, states that the hand-loom^ aa a 
machine, I'emaincd stationsu'y for a grcut number of vc-ara with- 
out ajiy attempts at improvement, until 1750, when Mr. John 
Kay, of Bolton, tirat introduced the fly-shuttle, and that thl^M 
sjiinning of cotton-yiirn, until that period riutl for many yeai^^ 
previous, was abinjst entirely perfuriiied by the family of 
manufacturer at his own house, Tliia united and simple p 
ccaa went on till it was found necesaaiy to divide their labo 
and to separate the wtraving from the spliiuiu^, and that agiun 
from the carding and other preparatory processes. This divisi 
of laboiu:, as Mr. Kennedy truly says, led to improvements 
the carding and spinning, " by first introducing siniple iinpra 
mcnts in the haTid iustnmieuts with which they perform 
these operations^ till at length they arrived at a macliinej which^ 
though rude and ill-constructed, enabled them considerably to 
Increase their pnidiice." Tluia it was that iruprnvements and the 
division of labour first led to the factory system, aud to that 
splendid and extensive process, which, at the present moment 
and for many years to come, will affect the destinies of nations, 
both as regards their political and commercial prosperity. 

From 1750 to 1770, when Mr, Hargreaves, of Blackb 
lirst introduced his spinniug jenny, by means of which a youn 
person could work from ten to twenty spindles instead 
there was liUle or no change ; but a very material alterat 
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look plac« lihorllj after the iutroduction of these improvements, 
which were immediately followed by Mr, Arkwright's machiDery 
for cording and roviug*. These, accompaDied by the introduc- 
tion of Mr. Crampl.on's mide iii 1730, may be justly roiiaidered 
as the origin of the factory syet^m, — a aysteni which has grown 
to such colossal dimensions, as to render it one of the most 
important and most cxlcuaive brrmchea of manufacture ever 
kuuwn ID the history of ancient or iiiodeni times. 

'* Mr. Arkwright buUt his first mill at Cromford, in Derby- 
shire," — 1 Bgain quote from Mr. Kennedy, — '* in 1 77 L it was 
driven by water; but it wa-s not till 1790, or some time afti^r, 
when the steam-engine of Watt came into use, that the cotton 
trade advanced at sueh an accelerated speed, ns to render its 
increase and present magnitude almost beyond coua^ption. This 
immense citetision is not only a subject of deep interest to the 
philosopher and statesman, but one which is Ukely to furnish a 
lai^e field of oljscrvation for the future historian of his 
country/' 

I will not troul]le you with the statistics of the cotton trade 
afi it now exists, but simply observe — as many of you are, 
doubtless, better informed on thia subject than myself — that I 
am withiu flic mark, when 1 stjite, that not less than 31,500 bale» 
of cotton are consumed weekly in the two kingdoms of England 
and Scotland ; that nearly twenty-one million spindles are almost 
constantly in motion, spinning upwards of 105,000,000 hanks, 
or 50,000,000 niilen of yarn per day, in length sufficient to cir- 
cnmscribe the globe 2000 times. Out of this iuuticnsc produc- 
tion about 131 millions of Iba. of ynm arc exported ; the remain- 
der is converted into cloth, lace, and other textile fabrics, Tliis 



■ Hutrti^t the Itindntea dF my friend Mr. Kennedy, I have no%v io my 
HWGHioii QiL DCConnt of the TrinJ in the Court of Kia^'s Bench to repeal n 
pAtcDt granted on tbe 16th of Deceniber, 1775, to riichard Arhwrighl, for 
en inventJon of cenajo metruiaeate and ntacbinea for preparing aUk, cotton* 
flij, aod wool for apinoing. This trial look place at Westminster on tLe 
25lh of June, 17S5, and cluted on the 14th of Julyof Uie siimc year, when the 
Court gave judgmi-'nt to rt-|>ea] the Lettera Ffiieut. 
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marvellous increase, this immense extent of production, could 

not be effected without considerable changes in the proepecte of 
the moral as well as the phjsicel condition of aociety. It has 
entirely changed the position of tlii; ri^sideut population of the 
diBtricti and the secluded valleys, farm-hoi^es, nud neat cottages, 
— thebeautieaof a Lancashire landscape of the last generation, — 
are rapidly giving way to the conversion of villages into populous 
towns, with innumerable erections^ which resound with the 
busy hum of the spindle and the shuttle. 

Along with these changes, we perceive a new generation 
springing into existence. Factories, ateain-engines, and tall 
chiraneys rising in every direction, and the noise and amoke 
which meet the eye and the car of the stranger at every step, 
give evidence of the activity and prosperity of the industrious 
hive, which, at Home fiiture period of English history, will 
announce to succeeding generatiouB the inventions and the dis- 
coveries of the nineteenth ccntuiy. 

In this attempt to place before you a short and succinct 
account of the rise and progress of our national industry, 1 
must not forget that yam, however finely and dexterously spun, 
is not cloth 1 and here we enter upon another and ecjually 
ingenious proeeas. The yam must he woven before it is fit for 
use, and we shall find wea\"ing one of the most interesting as 
well as one of the moat elaborate operations of the uaeful arla. 
I need not inform you how the ancient Hindoos, Egj'ptiaus, tind 
probably the early Chinese, converted their yarn into cloth- 
The Indian and Oriental department of the Great Exhibition 
exhibited the rude and primitive character of their looms and 
other implements of manufacture which have been handed down 
from generation to generation, from the earliest periods, with- 
out change or improvement, to the present day. Looms of 
this rude constniction were introduced into Europe during the 
first glimpses of civilisation, and for many centuries even the 
most advanced nations were content to uae the same instru- 
ments almost without impra%xment, until the introduction of 
the flying shuttle, and llie subaequeut inventions of Watt and 



CONSIDERED IN RELATION TO THE HfDUSTRIAL AET9- 107 






Arkwright, opened a new and untrodden field for improve- 
ments in every department of art and monufoeturc. 

Power-looms at that period were nnlmown, and Edthough 
attempts were made by Dr. Curtwriglit, as early as 1774, to 
convert the hand-loom into a machine to be moved by power, 
it was not imtil the begianing of the present century that the 
power-loom Bssumed its present form and presented that intelli- 
gence of structure which rendered it self-acting, and enabled it 
successfully to compete with the hand-loom process. From thnt 
time, about 1810 to 1812, we may date the commeucenient of 
the great increase in this important bi'anch of our manu- 
foctiires. 

The improvements introduced by Mr, Bennet Woodcroft and 
others for weaving twills and similar fabrics creat^l new ex- 
pedients and applications, and greatly increased the demand 
for this description of manufactures ; whilst the invention of 
Jacquard for wea^'ing figured cloth startled every one by the 
facility of its application, and the extreme ingeimily and beauty 
with which it accomplished the almost perfect development of 
that description of manufacture. 

Tile increiiae and extent of cloth manufactured from power- 
looms may be estimated from the official returns kindly furniahed 
me by Mr, Leonard Homer, the inteUigenl Factory Inspector. 
There are now at work in the United Kingdom about 250>0{)O 
power-looms; and as eacli loom will, upon the average, produce 
from five to six pieces of clolh per week, each piece being 2S yards 

ng, say 25 yards a day per loom, wo shall then have 350,000 
25^6,250,000 yards, or 3551 English miles of cloth per day, 
equal to the distaact^ Ijetwuen Liveqiool and New York. Only 
think of the importance of such an enormous extent of manu^ 
feclnre; a manufacture that employs upwards of 12,000 hands 
weaving alone; supplying fi"om that source — the power-loom 
— an annual produce of cloth that would extend over a surface, 

a direct line, of upwards of 1,000,000 miles ! These statistical 

turns are important and interesting, as they show the extcut 
which the manufactures of the country have been carried. 
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VI, The increase of other 6ra/tc&c8 of irtdtt^f/y m a simiht 
ratio lo that o/co/ton. 

In my eDdeavours to trace the advances made in the cottcn 
trade, I have not attempted U) enumerate the various circmn- 
stances which have influenced the impruvements and ext<;ii3ion 
of tlmt maniifaeture ; nor ia it luj intention on tliia occasion to 
notice the almost equally important advances which have taken 
piticc in other textile fabrics, such as may be seen in the linen, 
silk, woollen and mixed goods manuiactures. From all these 
springs of industry have flowed iuniuneroble benefits -, and 
notwitlistandmg tlio acectcrated speed at which the induBtry of 
the country is moving, we have only to instance the constant 
increase of the populous towns of Lanc^tshire and the West 
Riding of Yorkshire, particularly Bradford, Hudderafield and 
Halifax, to arrive at the coBcloaion, that, although much ha3 
been done, much haa yet to be accomplished before the supply 
eqiittls the demand. The princijMil object, however, which 1 have 
in view in this address is, in addition to education, to direct 
attention lo the art of construction in those important branches 
of art, on which, in a great measure, the prosperity of oiu* manu- 
factures depends ; and also to those great sources of natJonLi] 
wealth,— ^radwaye and steamboats j and it will nSord me un- 
mixed satisfaction, if, in the observations I have to offer, there 
should be found such au amount of practical and useful know- 
ledge as may lead to the improvement and extension of those 
ioduatrial resources to which I have devoted so many years of 
my experience. 

It must appear obvious to those who have studied and 
watched attentively the unwearied exertions and continued ad- 
vancement which have signalized the energies of our engineer- 
ing and mechanical industry, and the dilticulties and dangers, 
however formidnble, that have been encountered and surmounted 
by the indomitable spirit, sldU and perseverance gf the British 
engineer, that the ingenuity and nevcr-failmg resourr^ea of our 
mechanical popidatioTi are not only the sinews of our manu* 
factures, railways and steamlwats, but the pride und giory of 
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country. It is for thia importciil class that I bavc vcntui-ed 
to address you, and I trust Uie timt is not far disitaiit wlkeii we 
shall witness establishmenl-s suitable for their education ; an 
education, which above all others wiU tcacb them to rciison and 
to thinb, and give a more correct knowledge of phjsicnl truth. 
To these we niay add a clearer eonce|it[(.jri of the viirifd fonns 
and mauipulatioDs of art, incUiding those other gpringB of 
industry in which the true intcrcata of the country consist. 

On this subject I have endeavoured to lay before you such 
lews as I consider necessary for f he luipnivemeut and increased 
proaperitj' of a clasa that roquirea instruction^ and farther, to 
raise them in their moral nnd social condition to a higher 
siflULkrd of eharaet^r than Ihey at present oeeupy. In snpjrtut 
of these liewe^ I hflve submitted for consideration the im- 
portance of early training, the want of institutions with com- 
petent masters, and the necessity which still esisf-a for a belter 
acquaintance wifli nal.ural science. To these I have directed 
your attention in order to ensnre an enlarged and better 
system of instnictiou, and at the same time to make every 
individual of this class intelligent as well aa useful memhers of 
the comiuuuity. Now this desirable object cannot be accom- 
plished by schools or school [nast era olone; we must ourselves 
sympathise with the teachers, and depend upon oiu" own 
resources, if we desire to attain the elements of inatruetion as 
well as their practical application. We must bring the whole 
powers of the mind to bear upon the subject we wish to Icanii 
we must reason and think, aod accustom ourselves to the exercise 
those powers of analysis which are cnlculatyd to remove difK* 
dilties, and to pave the way by inductive reasoning and simple 
demonstration for the attainment of truth. Let me point to one 
or two examples in the histoiy of distinguished men to show 
what has been done by those whiJ have lalronred in the field of 
science, and who linve attained an honourable position by their 
iii^flincbing perseverance in the cultivation of the usefid arts. 
Most of you are doiibUfss acqiatinted with the early ilitficulties 
which beset the career of the journeyman printer, Bunjamin 
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Franklin, but which were overcome by his perseverance and 
never-tiring industry , and you have beard how James Fergoson, 
when a shepherd-boy in Aberdeenshire, uaed to lie on hia hack 
in the wint^ nights with an old blanket about hini» and map 
the stars aa they passed the meridian. JamcB Watt, by the 
resources oF his own mind and a knowledge of physical tntth, 
made hunself an imperishable name in the walks of practical 
scieoc^, and conferred upon maoldnd that multiplying and 
inestimable blessing, the ateain-engine, which, though in its 
infancy, i» changing tiic relative condition of mankind, is 
bringing within our reach the productions of every land, and is 
doubtless destined to work out for the human race still greater 
wonders. To these great men may be added the names of 
my liighly-respected friends, the late John Dalton and George 
Stephenson; both of them taught in Xature's school, and who, 
entirely dependent on their oivn resources, have won a place in 
the niche of fame. 

Tiiesc are exaiuples which, with many others that might be 
mentioned, 1 could wish you to follow; they are worthy of 
imitation, and your efforts in search of knowledge, if cborac- 
terined by the same determined perseverance, will be equally 
successful. Let not, liowuver, a want of success at the com- 
mencement deter you firom the pursuit. We cannot all be 
great men; but every man, whatever may be his condition in 
life, may derive benefit from a knowledge of nature's laws and 
their applicatioo to our physical wants. 

Having thus far shown the necessity for study and application 
in t!ie pursuit of knowledge, let us now see how it can be 
applied amongst the varied forms and conditions of our uidua- 
trial establishments. To every reflecting person it must be evi- 
dent, that an educated man skilled in his trade, with a know- 
ledge of the laws on which it is founded, and of steady habits, 
is much more valuable to hia employer and himself, than 
the mere workman whose actions are akin to those of a 
machine, whose mind is a waste, and who seldom thinks. The 
first, as an intelligent being, is sure of employment, and the 
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best and moat difficult operations will be entrusted to his care ; 
he attains the confidence nf his emjiloyer, probably becomes a 
foreman, and ultimately he acquires a share in the business, or 
sets up for himself. How many deserving young men have 
done this ! How many have I myself recxunniendecl to sitim- 
lions of tnist; and how many from Hnmll iK^j^inniugs and little 
promisG have risen to distinction in their respective profeesions! 
^ft On this part of the subject I have, however, siud enough to 
^Tonvince you of the importance of a useful and virtuous educa- 
tion, and I ahall now conchide with a brief notice of the rise and 
progress of our engineering and mechanical establiehmcnts, and 
the encouraging prospects which improved training in the dif- 
ferent departments and processes of our manid'ad.ures is likely 
to open out in the country. 

yn, 8df-actin^ viachincs, and thtir application to the con- 
Hmclion rtf machinery. 

It is nearly half a century since I first became acquainted 
with the engineering profession, and at that time the greater 
part of our mechanical operations were done by hand. On my 
first entrance into Manchester, there were no self-acting tools; 
and the whole stock of an engineering or machine establishment 
might be summed up in a few ill-constructed lathes, and a few 
drills and boring machines of rude constructionn Now compare 
these with any of the present works, and you will find a revo- 
lution of so extraordinary a character as to appear to those 
nnacquainted with the subject scarcely entitled to credit. The 
changes thus effected, and the improvements introduced into 
our constructive uiachiJiery, are of the liighesfc Importance ; and 
it gives me pleasure to add that they chiefly belong to Man- 
chester, they are of Manchester growth, and from Manchester 
the greatest nmnbers have hod their origin. It may be 
interesting to know something of the art of tool-making, and 
of the origin of machines, which by an almost creative power 
in themselves have contributed so largely to multiply the 
machinery of maiudat:tures, as well as the constriction of other 
machines employed in practical mechanics. In Manchester, 
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the art of calico-printing was in its infancy forty years Ago 
the flat press, and one, or, at tlie moat, two coloured macbints 
were oO that were then in usc; the nmnbcr of those machines 
is now greatly niultiplied, and I l)elievc some of thcni ore 
capable of prmtinf^ ei|^ht to tt-u colours at ouci?*; and the arta 
of bleaching, dyeing and finishing have imdergooe equal exten- 
sion and improvement. 

There were only three or four cshdjlishments that could 
make a steam-engine, and those were Bolton and Wutt of Soho. 
Fcntoa, Murray and Wood of Leeds, and Messrs. Sherratte of 
this town. The engines of that day ranged from ii up to 50» 
or at most 70 horse-[JOwer \ now tliey are made as high as 50(), 
or in pairs fi-om 1000 to 1200 horse-power. An order for a 
single engine at that time was considered a great work, and 
fre([uently took t-en or twelve months to execute; now they 
are made by dozens, and with sucb despatch, that it is no 
rnicommon occurrence to see five or six engines of coiisideroble 
power leave a aingk establishment in a month. 

In machine- making the same powers of production are appa- 
rent. In this department we find the same activity, the same 
certainty of action, but with thia difference, — that the smaller 
machines are nianufad.ured more rapidly and in greater niinibers 
than can possibly be done in the lar^ser and heavier description 
of work. The aclf-octing, turning, planing, grooving and slotting 
machincHhaveaftorded so much accuracy and facility for construc- 
tion, that the uii^chauical jmictil.ioner is able tjj turn, bore and 
shape with a degree of certainty almost amountin g to malhcmatieal 
precision. The mechanical operations of the present day could 
not have been aecorapHshcd at any cost thirty ymrs ago, and 
what was considered impossible at that time is now performed 
with an intelligence and exactitude which nc\"er foil to accom- 
pUsh the end in view, and reduce the moat obdurate ma.^ to 
the retjuired consistency in all those forma so strikingly 
CKemplified in the workshops of engineei-s and machinists. 

* I have just beffli informed that printing niBcLiaes are qdw conitmctiiig 
tu iiriut fifteen colauca at oac proceas- 
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T(i th(i itilcUigent ami <ilis(Tvaiit stranger who visits these 
establishments, the first thing that strikes his ftttention is tlie 
iiifichaiiism of the self-acting t<xils> the easo with which they cut 
the hardest iron and steel, and the malhematical accuracy with 
which all the |iarta of a machine are brought into aliape. Tliese 
pcrformancea arc now etiected to an etiormoiis extent, and the 
Aiijcrican system of Dummi'^s recently introduced by our iage- 
nious friend Mi-. Anderson of the Arsenal, Woolwich, is a power- 
fid iiitUeation of wh^iC can be done in the mauipulatiou and nia- 
nagement of a weU-dcviaed and well-conEtnicted establishment. 
When these implements are carefully examined, it ccasea to 
lie & wonder that our steam -pngines and maehiues are so beauti- 
fully and correctly executed. We perceive the most curious and 
ingenious contrivoncca adapted to evory purpose, and machinery 
which only requires the attendance of a boy to supply the 
material, and to apply (he power which is always at hand. 

In conclusion, I would observe that it is an honour to this 
country that we stand at the head of the engineering aud 
mechanical |>roFe-asion. It is an art — I would call it a science — 
which has occupied the attention of the greatest men from the 
days of Galileo and Newton down to those of Smcaton and 
Watt, and it now receives attentive consideration from some of 
the abksl and most distinguished men of the present age, 
*uch as Poncelet, Morin, Humboldt, Brewster, Bahbage, 
Dr. Robiuaou of jVrmagh, Willis aud many others. 

A great di:al has been df)ne, hut a great deal more may 
vet be accomplished ; and provided that deftcieney can be 
fiuppliod by suitable institutions calculated to store the minds 
of oar foremen and ojtcratives with useful knowledge, nftbrding 
thnu opportunities essential to its aeipusition^ I can see no 
rm<jQ why a better system should not he adopted ; a system 
^ is calculated to produce considerable modifications, and 
cBtct improvements in the moral as well as the intellectual 
'^ndition of that important class. In the attainment of this object, 
l^t lis endeavour to engraft on our tyslem of training theory 
ID conjunction with practice, aud to , bring the philosopher 
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into close oonneTHm with the pnctio&l meohank*. This 
conoexioD viJl remove prejudices^ and encourage a soimder 
system of management in every descripticm of mann&ctnre; 
it will moreover encouiage an imiHOTed taste in novelty and 
design ; promote more perfect practice, asd engender ideas less 
speculative, but more in accordance witii correct prmcdplea, — the 
tnie pioneers and harbingers of anocesa. When this is accom- 
plished, we shall no longer witness abortioiiB in constroctioii, 
bnt a care^y well-digested system of op^Atzons, founded on 
the anening laws of phjraical truth. 

* The anntul meetinga of tiie Bridd Anodfttion Idv the Adfvneaiient ot 
Science hnve gmUy impTDTed the notions of theorotk*! «■ well w pnctioKl 
men. HieK meetingi have afFbrded inodcnlaUe benefit to tlie pncdnl 
engineer uid mechwiic. They bring «U hia projecta aad contrrvuKfea under 
Uie strict rule* <tf science, uid on die other huid they bring the ■btliirt 
tfaeoriat to ttte test of pncticBl experience. 
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LECTURE VL 

METALLIC CONSTHUCTTONS*,— ON !BON SHIP BUILDING. 

To the student in Architecture, engineering and building, there 
is scarcely any acq\urement more efisentkl to professioDal 
success than a knowledge of the properties of the materials 
used in construction. It is e^^uallj important in the art of 
design as it is in correctne^ of proportion : whether the 
stn](±ure be a house, a fihipr or a bridge, we most, before 
entering npon its construction, and before we can attain a 
due twid correct idea of proportion, as a preliminary innuiij, 
make ourselves acquainted with the material of which it is com- 
posed. Wo must also make ourselves acfjuaintcd with its 
powers of resistance to the varied strains of tension, torsion and 
compression; and fiLrther, we shoidd know something of its elas- 
ticity, and its powers of restoration under the varied tests and 
changes to which it may be subjected. All this knowledge we 
should know and apply in such a manner as will best meet 
tki^ requirements of constmction, and that without incurring 

• At the commencement of these lectarea it wa» iot^nded to have given a 
<eri?! of coinmiitucatioT» on conftniction. where iroa. as h mateiial, has been 
^^r employed. The subject w, bowcT«r, foond to embrace such & large 
Add of mqairy, and hit tim« wu so dosdy ^gaged in other pra1if«coii«l 
^'uica. t}iat I WBB fbn:e4 to abandon the idea, and content myself with tbc 
'ixiDby into the etr^agth and other proporttout of the iron ^bip- Whether 
*<Ufaer opportunity wiU present ttcelf for a more eitunded inTt^tigHtinQ. I am 
^>ii«bfe to uyi 1 vnllp however, bear it in mind, and I tnut the time may 
*^<Ht]j amv«, when my engagemenu may admit uf sufficient leisure fur 
*fcvt]D^ that object. 

i2 
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the charge of an unnecesBary or wasteful expenditure of 
material. Very little reflection will show ihia knowledge to be 
in disjjcn sable before^ wc can attain anything hke perfection - and 
ill fa^^t, no professional rank can lie attained by the architect, 
engineer, or biulder, unleea he is acquainted with soiind prin- 
ciples of conatniction, and with the properties of the material in 
which be dt^als. 

Assuming, therefore, that the necessity exists for an increaae 
of thia knowledge, I shall endeavour to lay before you in a 
tabulated form> such amo\int of experimental research as directly 
bears u[»n the art of construction; and although these experi- 
ments are confined almost exclusively to metaUie substances^ 
I GhaU nevcrthelesB add a few others, exhibiting the strength, 
&c,, of diifercnt kinds of timber, occasionally used in combination 
with iron, but more frequently as a perfectly independent 
material applied to the useful arts. 

Viewing the subject in this light, I shall first direct your 
attention to the resisting powers of cast and wrought iron lo 
different kinds of strain, and subsequently to timber and such 
ether material as we find in general use in the art of building 
and construction, 

Metthlijiff poweT« vf €u»i iron. 

From a number of carefully conducted experiments on cast 
iron, I have selected the following results. They are the highest 
in the order of their powers of resistance to a transverse strain, 
and as in each inslanct; the bar is reduced to exactly one inch 
square, the results may fairly be estimated as a criterion of the 
resisting powers of the different irons of Urcat Britain, 
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Tkaksvbrse Strength of casl-iron bars 1 inch square, 4 ft, 
in, betwecD tbc supporta. 
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PVom the above it will be perceived that the average trans- 
verse strength of eleven apcciinens of Eoglisli, Welsh and 
Sccfeb iron is 471 lbs. od 1 inch aijuare bars, 4 ft^et C inehes 
between the supports. These again give a mean deflection of 
1"675 inches, and a power to rcaiat impact of 817- 

Similar irons irill resist a tensile strain and a rnishing force 
per square inch as follows, 

ErpEiTMENTAL Hesults to determine the ultimate powers of 
resistance to a tensile and eruHliing straiu. 
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In the foregoing espcriments, the Clyde an<l Btenavou 
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intUcate the greatest powers of refiistance, eitber as regards a 

tensile or a crushing strain. ^^ 

la addition to the irons given abovc> which arc those ta 
commnn use, Mr. Stirling's mixed or toughened iron exhibits 
considerably increased powers of reaistimce to every descriptiou 
of strain when compared with the unmixed irons. Mr. StirUug 
has patcntt:d a process for mixing a certain portion of malleable 
witJi cast, iron, and when cartiuUy fused in tlie erucible or the 
cupula^ the product will resist a tensile strain of nearly 11 
tons per aquare inch, and a compressive one of upwards of 60 
tone, the specimens being 1-^ inch long and 1 inch square. This 
uiix.tiu"e, when judirioasly mauaged and duly proportioned, 
increases the strength about one-lhijd above that of ordinoiy 
cast iron. 

Ab the strength of wrought iron is not only a subject of 
great interest at the present moment, but is likely to become 
more so every year, I shall have to trespass longer upon your 
attention than may be agreeable. It is, however, imperative 
that I should do bo, as I sliall have occasion before the close of 
these remarks to refer to facts, and to deduce therefrom conclu- 
sions for the elucidation and illustration of my subject. 

The importance of an inquiiy into the art of ship-building 
will be appreciated by you all, and when you bring to mind the 
dreadful casualties of navigation, the hardships of shipwreck, 
and the horrors of tire, you will admit the vast iitiportarjce of 
scbcting the strongest and safest materials for the coastruction 
of our ships, I 

It is chiefly for this reason that I havo selected this suiiject. ' 
and ventured U) impose upon your attention a few dry figures, 
in nrder that ynu might become aequaintcd first of all with the 
strength and naturd properties of the materials of which slips 
arc ordinarily composc<i, and secondly, to attach due weight (o 
their judicious application and dihlributioo in the attainment of 
a jxjwerfid, buoyant and diunble atnieture, I would not havo 
ventured upon this critical and thffieult eubject without son'n; 
practical expencncc, but having taken an active part as well as 
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a deep interest in tbe earliest stages of the appliL-atioii of iron as 
a material for ship-building, and having, until vrithin the last 
two years, been ejctcnsively engaged m a practical builder, 1 ain 
perhaps the better able to niier a few suggestions on the advan- 
tages and superiority of iron in our war as well as in our mer- 
cantile marine. 

It is well knoft'n to the public that the navaJ department of 
the Government abandoned a few years back — I think prema- 
Inrely, if not impropiirly — the construction of iron vessels as 
ships of war. The Admiralty, in my opiniou, arrived at a very 
haaty conclusion in rmidenming the use of iron after the \eiy 
limited number of experiments wliich had heen tried ujjon iron 
targets and old iron vessels, as tbe dangerous effects of shot 
might have been mitigated by extended practict^ and many 
improvements and suggestions might have taken place Ut remove 
the objections, and ensure greattir confidence in the construction. 
At several of these espcrimenta I was present, and although the 
results were certainly unexpected, and perhaps discouraging, yet 
they did not, in my opiuion, justify the entire abandonment of a 
TQaterial,not only the strongest and lightest for such a purpose, but 
offering the greatest possible security under all ordinary and many 
extraordinary circion stances. Even in war steamers, when in 
action, the chances are in favour of the iron ship, as it is not 
only secure from fire, but is much stronger, and will sustain more 
strain when assailed by stoi-ma and hurricatiea than any other 
description of vessel, however strongly built. Propulsive power 
is another element in our war marbe. Steamers can back out 
of ditticultiea and dangers when sailing vessels must remain 
eijKisfid ; they can assail the enemy at a greater distance, and 
take up any position consistent with the emergency of the easts, 
and with their great guns nnd long range, inflict severe punish- 
ment and do great execution without receiving — under these 
cireumstjnices — a single shot. 8pced being thus admitted to 
be an important element in our war marine, the iron sliip, from 
it9 lightness and buoyancy, has another evident advantiige over 
the wooden one, as an equal amount of power will ptopel it 
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faster through the water, and hence follgw the udvautagcB 
peculiar to this construction. ^H 

In the event of war it is essential that the steam marine of ihb 
ronntrj- should have great commaad of power to enable tho 
tiliips to iu;iii(t!iivre iiL sen with iLlitLost the saine [ire-cision as a 
squadron of horae on parade, Tliey should have the power to 
advance and retreat as cu^cunistances may require, and the new 
sjateni of tatties which must eventually come into operation 
should inspire the same confidence in the crew as it would do 
in the commander, namely, that the iron steamer is not only 
formidahle in war, but safe under all circumstances of attack 
or defeoce, 

hi our mercantile marine we are progressing with better 
pi'ospccts and greater certainty, but the decision of the Admi- 
ralty to limit the coiiatruction of iron tcsbcIb to the mail and 
packet service, is, accordiug to my views, a retrograde movenieut, 
and to say the least of it, inconsistent with the onward tenden- 
cies of a healthy progroBsion. 1 trust the Lords Commissioners of 
the Admiralty will not only sec the importance, but the absolute 
necessity of rescinding that order, and that we sliall not only 
witness the introduction of iron for that service, but more par- 
ticularly when steam power is employed in all and in eveij, 
conditiou of an efTectivc and a safe marine. 41 

The effects of shot on iro}i ven^eh. 

As respects the effects of shot upon iron vessels, (a circum- 
stance which led to the above decision on the part of the 
Admiralty) although at first sight alarming, they arCj on more 
raatiu^e consideration, such aa might reasonably be cxpecled. 
A number of experiments were undertaken some years since 
at ttie Arsenal, Woolwich, to Licleruiiuc the effect of shot upon 
the hull of an iron vessel, and also with the view of providing 
means for stopping the passage of water in the event of the 
vessel receiving a shot below the water line. Tlie gim used 
in the experimeul was a 32-pounder placed at a distance of 30 
yards from th& targets, and was loaded at the commenecmont 
with the full charge of 10 lbs, of powder. Subsequently it 
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was reduced to 3, 6, 4, 2 and 1 Iba. to produce the effect of 
diataiice in a sliort or long range. I assisted, Qt the request 
of the late Admiral Sir George Cockbura, at those experiments, 
ftud the results, some of which I may venture to mention, were 




eicewlirgly curious and interesting. The initial velocity of the 
ball, C inches in diameter, with a full charge of 1 lbs, of powder, 
is about ISOO feet per second, and with 2 l^a. of powder about 
1000 feet. 

In these experiments there were five or six targets about 
6 feet square, composed of difcrcut thickncssca of plates and 
variously arranged, so as to represent iii effect as well as in 
appearance a portion of the side of an iron ship, DiHgrarns 
are here exhibited to represent a side view and sections of the 
plates and fo^teninga of the targets, and the effects produced 
hy the shot as it passed through the plates, and also in three or 
foor other experiments, through a lining of India-rubber and 
cork dust, specially introduced to prevent the dispersion, and 
arrest the progress of the splinters as they were driven forward 
bv the effects of the shot. 
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Pig. L — Represents a side view of the target with the effects 
of six shots at various velocities through it. Fig. 2 shows the 
eflect of a shot with a charge of 10 lbs. of powder through 
three thicknesses of -^-inch plates, and figs, 3 uud 4 the effect of 

Fig. 2- Fip. 3. Fig, 4, 




a 2Ih. and 1 Ih. charge through a single ^inch plate, with ribs 
of the usual construction*. 

I should not be j;istificd in going into fiulher details on this 
subject id present, and imist confine myself to genera] tcmis. 
On some future occasion I mny, however, be enabled to resunae 
the inquiry, which ia one of considerable interest and of great 
public importance. 

Whilst laying before you such Information as T possess on 
the subject of iron ship-building, it is not my intention to trench 
upon the province of the marine architect as respects the forms. 
lines or other details required in construction. That Beld is 
already occupied by men of great exjH-riBncc and superior 
talent, and the only one to which I would more iruraediatfily 
direct your attention is that which refers to the proi>ortion of 
the parts, the distribution of the material, a[id the eqiiulir^aLiun 
of the powers of resistance to strain in the different parts and 
positions of the structure. These arc conai derations which, in 
a greater or less degree, affect almost every description of nieeha- 
• See Appeudix, No. V, 
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nical cQiiBtructioii* and wc cannot be for wrong if on this occa- 
sion we endeaToar to supplj such expcrimtatal knowledge as 
we possess to tbe improvement of this important art. 

If we study the art of eooEtruction as e^diibited in the laws 
of nature, wc ahaU find endless varieties of form. In the 
animal and vegetable kingcJoms there is no waate of matiiria]. 
Every animal and every plaut is adapted to ita purpose, its 
organization is perfeet in every respect ; every joint, muscle 
and fibre ia soited to the work it has to perform, and the 
utmost hamioDv in proportion, beauty of design, as well as 
economy of material, is discernible in every eoEslruction that 
emanates from the hand of nature's Architect. In that school 
we are sure to lenm under the tuition of that great Teacher 
in every departmt^nt of art» and by a careful study of those laws 
which open upon us at every page, we con scarcely foil to apply 
them to some good and uscfid purpose. 

With such examples before us. and with such a wide and 
wonderful range of objects, why should we eomntit blunders 
and hesitate when we should analyse and investigate ? There 
ia no mechanism so intricate, but we find its compeer in 
nature, and where we may find a rule for our guidance. We 
have only, therefore, to study Nature in her varied forms and 
conditions to arrive at sound conclusions either as regards the 
examples that are set before us, or the approximation to laws 
which govern all constructions. 

Our pn^scnt object is, however, limited to the inquiry into 
the laws which guide the experienced ship-builder ic the pro- 
secution of his art : it will be projx^r in the first instance to 
ascertain the nature and strength of the material he may choose 
to employ, in order to show in what way it should be disposed 
U) pmducc at a niinimimi cost the greatest possible effect- For 
these objects I am fortunate in having before me a long series 
of experiments which 1 made for the aame object more than ten 
years ago*. These facts arc given in Appendix I., hut to save 
trouble in tlie referenre I have considered it iieees?iary to lay 
Phitosophital Trmueujtiuna, Part U. lB50j aad Ai>pcndi2j No. t. 
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before you Uic following short abstracts wliich I trust mi 
pTOve equally beneficial in this as they have been in other coc- 
stnictioDS. ^M 

In the resistance of wraught-iron plates we have in t!iC3^^ 
esperiiueiitB, which were made oil five different sorts of iroi 
the tenfiile streugths iu tons per square inch as follows : — 
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These results give a lacfin power of resiataiice of nearly 
23 tons per square iDch. And the rfitio 22'5 : H, gives about 
f^Xh. in favour of those torn across the fibre. ^H 

In following up similar investigations on timber, I fonn^^ 
acccjrdin^ to Professor Burlaw of Wixilwich^ that the cohesivi 
strength of different kinds of hard wood were — 
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Assuming Mr. Barlow to be correct, and taking tl 
mL'an strength of iron plates as given in the experiments 
49,656 Ibs- to the square inch, or say 50,000 lbs., we have the' 
comparison between wood and iron in the following ratios (^ 
resistance to a tensile strain : — 



FUtio. 



Atb ., 
Teak.. 
Fix ., 

Oik., 



i?ooo 


linii 

3bt, 

50-000 


OT ii 1 


0, timbs 


15000 


50000 


ar«i 1 


3-,^ 


12'iKlO 


W-000 


or ii 1 


4-16 


11-600 


50-000 


or u 1 


434 


10-000 


60-000 


or u 1 


5-DO 



Hence it appears that malleable iron plates are five 
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stronger than oak. or in other words, their powers of resistance 
to a force applied to tear them asiuider, is as 5 to I, iii&king tm 
iron plate \ inch thick equal to an oak plank 2\ inches thick. 

As a further guide to the knowledge of the strength of 
materials used in conatruction> some curious and interesting 
experiments were made to ascertain the resistance of wrought- 
iron pkteti to indentation or pressure by a blunt instnuneat 
with a hemispherica! end, 3 inches in diameter, forced through 
tiie plate until it was burst*> The results are 

lb*. Uam- 

Expcrimi^ai Uu A pUlc K thick bunt with 13'7t(9 1 ig.'—q 

Eiperimral 2Qd. A plile i" thick bunt with 13769 J '^ 

ExpenmBnt 3rd. A plate 4" thick bnj*t with 37-51!* \ ,7.-00 

Experimeat 4th, A jjlite i" thick burst with 37'92fl / ' ' 

Here it will be observed, the strengths are nearly in the ratio 
of the thickness of the plates, a half-inch plate requiring flouble 
lie force to produce fracture. Similar experimcLts were uiiidc 
on oak timber, and here the resistance follows the ratio of the 
squares of the depths, and a J-inch thick plate is able to resist 
a foroj equal to that required in the rupture of a three-inch oak 
plank. 

The results are — 

Eiperunml Lit. An oak pLuik3 inchcB thick nan burst with* . IBiMl lj«.n43 
Eiperimpnf 3nd, An onk pbuk .1 inchpH fhkt nas bntit mrtb. , lfiil26 J 
Expenmnit 3rd. An oik plaak l^ lOfh thick noA hunt with. , 4' 53^) J'jiW 
Espenmect 4tb' Ait oak plauk I i iuch thick wah bimt with. . 4 260 / 

Here the strengths to resist bursting or crushing are as the 
squares of the depth. 

Let us now take the comparative resiatanco of wrought iron 
per square inch to a direct crushing force, and we have from 



* The details of thu^ experirnents will be fooitd in the Appendix. Na. I., 
pi^ nxli. Th«y tefer to the rcaiatuicc of platen forming the huU of a ahip. 
Tbcy exhibit the reai^tancc of those ports Ig c^ompreesion, v/hea acted upon 
by a round bunl anbatance* such as rucka ur stones when the vessel ttikes the 
ground, cither in Lidol barbouru or any other poaition with utieveii aurfuee 
i^slciiJcLted to injure the ship. 
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the esperinienta of Eowdelet, and Professor Uudgkinaon the 

following ratios : — 





vmA- 


Umber IP IW. 


n^iulvicfi per 
MLMn Lrv^ at 

in iMd 


Timber irpw- 


7700 


"WrouKlil inM- 





7000 




'560 


Yclloiv ^nne. 


6^75 


7000 


1 : 13-012 


■540 


Cedar. 


5674 


70-00 


1: 12-33 


'580 


Red aL-al. 


5748 


7000 


1 ; 12-16 


'540 


BitT^h, 


6402 


70-00 


1 J 10-93 


■G60 


Sjrainare, 


7082 


7000 


Is Sfl8 


7W 


Spaaish melioeanv 


f*[90 


70-00 


1: 8-63 


■7&0 


A*h. 


968.3 


70-00 


1 : 8-06 


700 


Dry Eoi^h oeb. 


!)609 


70-00 


U 7-36 


'980 


9771 


70-00 


I = Mfi 



From the above we have the relative resisting powers of the 
different kinda of timber; olao the specific gravities of each, 
which enables wa to determine the comparative weights, as well 
as strengtlis of M^ood and iron respectively. 

In marine conelmctions, where the material is iron, our 
knowledge of its resisting powers would be incomplete, if wc 
did iiot consider it in all its beariaga as regards its application 
to Bhip-buUding. It is luJite timber which has to be caulked 
between the joints j the principle ia not union, but a tcnd- 
eiicj to force the parts asunder. Now in the joints of the iron 
ship this 19 quite the reverse, for the joints of an iron vessel 
arc so constructed as to form a solid masa of plates, which, if 
well riveted, will resist forces, such as the action of heavy seas, 
that no timlaer-built ship, however well and however strongly 
constructed, would ever be able to withstand. The iioo-bnilt 
ship, when constructed with butt joints with interior covering 
plates and a smooth exterior suiface, is superior as regnrda 
strength, buoyancy and lightness to any other vessel of what- 
ever material it may be composed, and our practice in the 
mercantile marine has proved this to be the case- In all these 
conibinatious, it ia, however, a desideratum to have the joinings 
of the parts, and the connexions as near as possible of equal 
strengths. This in practice cannot always be accomplished; 
but with due regard to a correct system of riveting, and 



rflreftil formation of the joiDts, a near approxinmtion to uni- 
form strength may he obtamed. As a practical guide to these 
objects, I shaD append a short aunimary of the experiments 
iudicating the relative strengths of different forms of riveting, 
and iu what they differ from the atreDgth of the plates, taking 
the whole as one eontinuoua mass without joints. 

Tlic rcsulta obtained from forty-seven experiments on double 
and single rivetiiig are here recorded : — 



Vo-of 


ID Uh. pb ■qoajfl inch. 


mdlhl JDLDU of diabJ 

Hoeti'in ti> Ihr pliln 

takua Lhrun^U tbo LUic ui 

the r4*ftt in llti. jiet 


n^etrd jninEi iil hjuO 
"Orb'iD 1i> llir plttci 

titpIb in ]^■. prr ■i|iiim 
iblb. 


1 
3 
3 

4 
5 
6 

7 

8 


577^4 
61-679 

50-yw:j 

5I'l30 
49-aHl 
43-805 
47*062 


477»a 

4a- 141 
43-&I5 
4n-249 
44715 
37-161 


6H'2tf5 
54-534 

63-M?3 
5'd-»79 


H«n 


5S-4H6 


41-390 


63-035 



The relative strengths will therefore bo — 

For the plate 1000 

Double-riveted joint ,.....-- , . . . , LOS] 

Smj^k-nTCtcil joint • ...i.. .■•■i** 7^^ 

which shows that the. single-riveted joints have lost one-fifth of 
the actual strength of the plates, whilst the double-riveted 
joints have retained their resistmg powers unimpaired. These 
arc coDvineiug proofe of the superior value of the double- 
riveted joints ; and in idl eases where strength is required, this 
description of joint should never he omitted. 

En a previous analysid the strengths were asl 000: 938 and 731» 
but taking the mean wc have 1000:977 and 761 for the double- 
riveted and single-riveted joints respectively. From these we 
must, however, deduct 30 per cent for the loss of metal actually 
punched out for the reception of the rivets, and the aljsolutc 
strength of the plates mil then he to that of the riveted joints 
as the numbers 100, 6S and 46. In some cases, where the 
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rivets are wider apart, the loss sustiuned is not bo great; but in 
iron ahips, boilers and other veaack which require to bo water- 
tight, and where the riveta arc closer to each other, the edge* of 
the plutf^ ai'e weakened to that extent. Taking, however, into 
consideration the circiimatances under which the results were 
obtained, as only two or three rivets came within the reach of 
experiment, and taking into account the additional strength 
which might be obtained by an increased number of rivets in 
combination, and the adhesion of the two snrfaeea of the platens 
in contact*, we may reasonably assume the following proportions, 
which, after making every allowance, may fairly be consideied us 
the relative values of the strength of wrought-iron plates, as 
compared with their riveted joints ; — 



TakLug the fttrenelb i^r pUtes at IQO 

Wp have for the liouble-riveted joim 70 

And far tbc ainglc-rivetcd joint ..«......,..,.».,,...... G6 



i 



The resisting powers of riveted joints {such as arc used in vcsseJa 
required to be steam-tight or water-tight, and exposed to a pres- 
sure varying from 10 to 100 lbs. on the square inch) are therefore 
as the numbers given above, and in all these constructions it mav 
be useful, when calculating the strengths, to make the neccssaiy 
deductions for the loss sustained in the unioQ of the plates. 

Having thus estabhshed correct data as respects tlie 
strengths of materials, cither single or in combiimtion, we 
shall have less difficulty in their application In IIri t^oustnictitjn 
of vessels cx[K)sed to severe strains, such as boilers, bridgea ur 
an iron ship ; and notwithstanding the boasted declaration that 
the '* wooden waQs of Old England " are our surest defcocea* 
we shall not, in my opinion, seriously injure, but grcatlv hcni:fil 
our position, by pinning our faith to the iron walls as a material 
of equal, if not of much greater security. To this I am aatiaficJ 
we shall shortly arrive, provided we persevere in the use of a 
material calculated eventually to supersede every other in ite 
construction of vessels intended for strength and the mainte- 
nance of the British niariiie. 

• The Hdhesion is giwn in lorae MperimenU b;? Mr, E. Clurke. 
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In the conatnirtion of iron Bhips, three important considera- 
tions present tliemselves t — 

let, Strength and Torm. 

UnA, Security. 

La.^lly» Durability. 
In treating of l)ie first of these divisions — strmgth and form — 
it will be necessary to ascertain for what purpose the vessel ia 
to be used, what seas it has to navigate, and what description 
of work it ha-s to perform. Let us assume it to be one of the 
Atlantic or otlier great ocean steamers, and we have a model 
both in form and tonnage that would become equally formidable 
as a war steamer, or useful and commodious as a packet cal'> 
culated to shorten the distance between the extreme points of a 
lengthened voyage. 

In these con&idemtiona, as before stated, it i3 not my intention 
to enter upon the Buhject of modeling, or that form of vessel 
best calculated to offer the least impediment to the ship's pro- 
gress, sueh as the linos of least resistance, and other points 
which bear more directly upon the form at the bows and stem, 
than upon the question of durability and strength. These 
belong more properly to the naval arcliitect or ship-builder 
than to the engineer, whose knowledge may, however^ be 
advantageously employed in detenninlng the best and most 
judicious application of the material And certainly I may 
confidently assert tbet 1 know of no construction which affords 
a wider scope for the exercise of snnnd and scientific judgment, 
or which demands more minute and accurate attention, than 
that of the hull of a ship, which in its several parts ought 
assuredly to possess nearly uniform strength. 

To this important part of ibe question I would direct your 
careful attention, in order to consider it in all those varied forma 
and conditions to which vessels are eubjccted under strain; 
whether arising from tempestuous seas, or from atraiiding, 
under circumstances where serious damsge occurs, but where 
wooden vessels ore in danger of going to pieces, and, as it not 
unfrequently happens, are entirely lost. In the former case, as 
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in a tempest, or tornado urder the tropics, where wooden vessels 
arc often severely Btraiucd, there is much to be feared; but in 
the iron abip, if property crtnstrueted, wti have greatly increased 
seeiirity, und, provided we ussume such vessel in its best coa- 
stniction, and regard it simply t^ a huge boUow beam or 
girdor, we shall then be able to apply with approximate truth 
the Birnple formula used in computing the strengths of the 
Britannia, Conway, and other tubular bridges. 

Let us, fur example, siipposc a vessel of similar dimcnaiona ; 
to the Crrejit Western (the first steamer that siiccessfnily crossed ' 
the Atlantic), 212 ft^et long between the perpendiculars, ^5 feet 
beam and 23 feet from the surface of the main deck to the 
bottom of the sheathing attached to the keel. Now, considering 
a vessel of this magnitude, with its machinery and cargo, to 
weigh 3000 tons, inchiding her own weight, and supposing 
in the first instance that she is suspended on two point-s resting 
on the bow and stem at a distance of 210 feet, as shown at 
fig. 5, we sluudd tht-ii have to calculate from some formula, 
yet to be ascertained by experiment, the ultimate strength oC, 
the ship. flH 

To determine this fornmla with accuracy is a work of researcli^? 
in the meantime, we are fortunate in having before ue th^^ 
which applies with so much certainty to tubular bridges aa<j 
iubular girders; and all that is recjuired in this case will be to' 
ascertain the correct sectional area of the plates to prevent tt»e 
tearing asunder of the bottom, and the quantity of motcrtni 
necessary to resiat the crushing force along the line of the upper 
deck on the top- It is true that the necessary data have yet to \ 
be determined, but the iron ship-builder cannot be far wrong '"'" [ 
he assumes tie breaking weight in the middle, at the point Ws 
fig. 5, to be equal to the united weights of ship nnd cargi>* 
This, in the case before us^ would give an ultimate power ol 
resistance of 3000 tons in the middle, or 6000 tons, equaJIy 
distributed along the ship with her keel downwai'ris. On soaw? 
future oct^isiou T may possibly revert to (his subject; it is oui? 
of great interest, and not unworthy of a aeri&s of wcll-conductKl 
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srperinients to rfftfrmme tlic Inws o( greatest resistance, and 
the prineipk* upon which iroD ships should l>e built. 

Assuming the tests, or the caicuJatioiia derived therefrom, to 
be correct^ let us now rev<;rae the st.niiiis, and bring the vessel 
into M totally different position, as in fig, 6, haviiig the same 

sight of cargo on board, and supported by a wave, which for 







Bake of illustration we may conaider ax resting upon a 
&\Jigh ^xjiot^ as ut P, ill the middle. 
Id tbi» position we find tho strain reversed, and in place of 

k2 
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the lower part of the huU of the ship being in & stale of teoainn, 
il ia, on the contrary, in a stale of compression, and the whole 
of those parts below the ncutra! axis are subjected to that strcin. 
On the other hand, the upper part is in a state of tensinn, and 
that tension, aa well ns the coinpressive strain below^ will be 
found to vary in degree in the ratio of the distances from the 
centre of the natural point a, fig. G, round whieh the two forces 
of tension and corapresEion revolve. In this snpposed position 
we may venture to ealeulate the strengths, as I have been in 
the habit of doing, in order to ascertain the limit or maximum 
of security, and act as if the vessel was placed in trying circum- 
Btanees, either contending with the rolling seas of a hurricane, 
or suffering the actual suspension of cither portion when taking 
the ground- In these criticji] positions, we arrive at the con- 
clusion, that calculations founded upon the formula for wroughl- 
iron tubular beams will determine the strength and resiating 
powers of an iron ship, and that under every contingency and 
every ctreiin] stance in which the vessel can be placed. Moreover, 
it will give a wide margin of security under all those forma and 
conditions of peril to which every vessel navigating the ocean is 
exposed. I ain fully awnre tliat many thousand vessels are now 
afloat that would not stand one-third of the teats which I have 
taken, but that is no reason why we should not endeavour to 
effect a more judicious distribution of material, and produce a 
maximum atrtrngtii, where the lives and fortunes of the public 
are at stake. 

Our nest consideration, which b closely allied to the last, ia 

On this question we have fewer difficulties to contend with; 
and so far as regards construction, I have endeavoured to show, 
that, in order to build a ship on principles as near perfect 
in regard to seciu-ity as rireumstflncea will admit, she must he 
built witii such material, and upon such foundations, as are 
calcidatcd to withstand the trials I have supposed her to bear- 
Exchisive, however, of the simple strength of the hull, there are 
other considerations which require attenlioUj such as the danger 
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from fire, leakage, or total shipwreck. In naval coustructions 
we have three elements to contepd with, fire, mr and water; 
and although we may effect in iron constructions extraordlnQry 
of powers resistance as respects the two latter, wc ore, never- 
theless, subject to considerable risk as regards the former It 
is true, tlie hull of an iron ship will not bum, but the interior 
fittings, which arc chiefly composed of wood, if once ignited, 
nught destroy everything on board, unless the necessary pre- 
cautions are taken by iron bulkheads to cut off the comruuniea- 
tion from one division to another. In my own experience as a 
biiiJder of iron vessels, I have found these bulkheads of in- 
estimable vahie. They not only strengthen the ^hip trans- 
versely, but in case of injury to any part of the hull, any one 
of the divisions or compartments might be filled with water, 
and perhaps even the contents of that part burnt, without 
endangering the ship. These divisions, in fact* should be £o 
arranged as to ensure the vessel Qoating under circutii^taiicea 
of irrei>arable damage to any one of those compartments, and 
at the same time to afford protection to those on board. 
Again, in case of fire — in the lamentable position in which the 
*' Amazon " was placed — it might be advisable to have the 
e3itreme stem and stem bulkheads made double, with an air 
space between them, and a valve in each to fill them with 
water up to the Une of ijomersion, and thus prevent the 
division plates on that side clear of the fire from becoming 
red-hot, and igniting the tiutlK'r iittiiigs of that part, which for 
the time might form a place of refuge. Much may be done in 
tbid way to mitigate, if not to avert, the calamitous and fatal 
(■onset [uences which ensue on those occaaiona. HLilkhcada of 
this de^ription, coming up to the underside of the upper deck, 
might obstnict, to some extent, the communication between 
decks from one compartment to another; but I bcheve a suffi- 
cient freedom of access from one part io another might easily 
be effected by wetl-eonslructed iron doors, to be clo^d in case 
of Occident, which would thus become effectual baniera to the 
fire spreading over the ship. 
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In carrjirg these objects into effect, we must not only reair 
to the uso of iron iti every case where paokeUships and steamerH 
are employed, biit they ajiply with the same force to Ilcr 
Majesty's Navy, flucl particulflrly to a team- frigates and shipa of 
war with aiL\iiiary power. It. is tnie, ihfit the ('.\perinienLa, 
already referred to, on the dangerous effoets of ahot on the iron 
hull, arc alarming ; but the amount of risk and destruction ia 
always one of degree, and I doubt whether the effects uf shot 
on wooden vessels are less terrible than those indicated by the 
experiments on the iron aliip ; undoubtedly bulkheads and such 
contrivances do more than claim in point of security a decided 
advantage over the wouclen ronstnictions, and we have yet to 
learu what remedies may safely be applied to avert the risks 
consequent upon the effects of abot agoiuat the sides of an iron 
ship. Besides, we arc not yet satiafied that these effects are so 
dangerous as ihey have been represented. On the contrary, I 
am of opinion that tliey have been greatly oxaggemlcd, and tlial 
increased experience will show that iron, under all the cirrimi- 
stances, affords greater aeciu-ity, whetlier for war or commerce, 
than auy other description of material wliatever. As a proof of 
the advantages peculiar to iron as a material for sliip-huilding, 
and thi: greatly iiureascd security it offere in comparison with 
wood, I would refer to a letter and sketch of the condition of 
the steamer " Vanguard*," which ran foul of a reef of njckt 
on the west coast of Ireland, and continued ex])osed 1o the 
swell of tliL- Atlantic beating her upon them for several days 
with comparatively little injury, excepting only the corrugation 
of the plates, as shown at a, o, a, &c., fig. 7. in her bottom, 
which were dinged and distorted in every [xjssible form, bni 
without effecting a separation in any part of tlie hull. jVnotlicr 
instance is that of the " Great Britain/' which stood the action 
of heavy seas beating lier upon the sands and rocks of F)undrum 
Bay for a whole winter, and that without auy serious djimage to 
the hull or any other part of the ship. These are facts which 
speak volumctt in favour of security, aTid the utility of iron in 
• See AppeDdin. No. VIL 
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attaming that desirable object. It 13 true^ that many objections 
raaj be ui^ed against it when applied to certain constructiom^^ 
but jud^Dg from €]cperieticc, I am strongly inclined to thinK 
thnt we have yet much lo Icam, and much to accomplish in the 
application and distritmtion of iron in those ronstnictionfi which 
more inunediately apply to the security of our war and mei 
tile marine. 

Durability. — On this part of the subject there is considet? 
able difference of opinion, but a very cursory view of the 
question will at once show the great superiority of iron to tim- 
ber. In another part of this communication, I have given the 
comparative strength of iron and the best English oak, in whicii 
it is proved that iron as ti materiiil is five limes stronger thai] 
oak. This is, however, not the c|ueslion which enters into the 
subject of durabihty, aa the jointing of the one is incomparably 
Ruperior to that of the other, ^M 

In the building of ships of the line or large merchant vessel^' 
the keel, beams aud timbers arc generally of oak or teak, made 
of three pieces most ingeniously contrived and united by 
Bcarpha to each other to ensure strength- Tlte rib» or fraires, 
which are solid and close lo each other, are scarphed and 
jointed in the same way ; and the outer sheathing, which la 
copper-fastened J is also attached with great care, and by crosaiBfl| 
the vertical joints of the frames great strength is oblaiued. 
The connexion of the deck beams to the frames by strong iron 
knees is another aoiuce of strength ; but with all the car^^ 
ingenuity and skill bestoweil upon this eonstnietion, it is C^| 
from perfect in {K)inl of strength. Timber-built vessels, when 
pitching and rolling in heavy seas, are subjected to severe strains 
by the changes which are constantly in operation, and whic^^ 
produce motion at every joint; and it not unfrequently bappo^l 
that the seams open and close to an extent sufficiently deci- 
sive aa to the nature of the structure and defective union of 
the parts. Now we may venture to state, that in the iron ship, 
when all the parts are soundly riveted together, there arc no 
joints- The whole may be considered continuoua, and con 
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^^nily there can be no yielding, except from what may be 

considered the elastieity of the nnited masis, and this, like every 

otber kind of material, must yidd to the disturbing causes 

viich affect it. The platen of iroD-built ships, it will be 

observed, nre the same as the [>Iankixig or sheathing of those 

built of timber, and the plates Pig, 9, 

are riveted to strong iron ribs, 

as exhibited in the annexed cut, 

fig. 9, from \~2 to 15 inches 

asunder, and answering the same 

purpose as the solid framing of a vessel composed of teak 

or oak. 

On this question I will not, however, at present, attempt 
to go further into detail \ suffice it to obsen-e, that if the iron 
ship be weU-proportioned in its parts, double-riveted at the 
joints, and the material judiciously distributed, so as to ^pply 
the greatest strength in the direction of the greatest strain, we 
may reasonably calculate on a perfectly secure and durable 
\essel. 

As refipecta the comparative merits of wood and iron vesseU 

cwi the score of durability, I am of opinion that the public has 

tntortained very erroneous views, with reference es[ieeially to 

oxidation, which for the last twenty years has been the "rock- 

R-Iiead'* of every iron ship. The extent of this evil haa been 

peatly exaggerated, for there are instancea of several iron 

Tca&els built tweiitj years ago, which are sliil in existence, with 

i"o sensible appearance of corrosion or decay, and, what is of 

=liml importanct, without having required repairs, if wc except 

*!(?*' ooats of oil-painl, or the application of some otlitT miti- 

i^rrosive substance to neutralize the cfieets of the oxygen of 

tW atmosphere upon the material. Nature, however, cornea to 

our assistance in this, as in ahuost every other attempt in the 

constructive arts, and seems to confirm the proverb, that a 

"bright sword never rusts ;'' for it is with iron ships, as with 

iron pdib ; when in constant use, there is little, if any, ap^war- 

auce ofoxidfltion. 
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Taking s thereforo, a& the circomrtaacfls into Gaiuidonitiii&, 
we may leasonablf ocmoliide that much hoe yet to be done in 
this department of the useful arts; and I have no doabt that 
the iioD ship of British origin will yet ride triompbant on every 
sea OS the harbinger of peace, the supporter of oonuneroe» and 
the great and only security of onr national defence. 

If, in my attonqits to elucidate a subject of anch vast e^ent, 
and of such great national importance as the present, I ban 
succeeded in conveying to yonr minds that knowledge wfaidi 
it is important we dl should posaeas, I have attained the prin- 
cipal object of my appearance in this place. 

Bear in mind, that in every attempt to achieve snooesa in u^ 
important nndertialdng, we must fortify our minds and connl 
oar judgments with a knowledge of phymcal tinth. Hbm 
is no sound construction without it, and we have only to follov 
Nature, look up to Nature's laws, and i^^dy them with carefid 
discrimination, to arrive at the best results. 
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At the request of a large and useful body of working engineers, 
nnd ftt the desire of scvem! Inatitutious whicb have for their 
object the itnprovcnient and instruction of that important class» 
I have been induced to set apart a portion of my tinic for the 
study of a subjeet which involves confiidenitions of much im- 
portance to the great mass of the community. If I were to 
state tbat tlie subject I proposi; to treat npou is one su easily 
mastered, that my past experience rendered my task an eo&y 
one. I sliould practise a deception towards you, and arrogate to 
myself ti degree of iufornmtioii and an maount of reaearch in 
physical science which I do not possess. On the contrary, it 
has cost mc much time and labour to prepare the statements 1 
have to lay before you; and I trust that, should these fall abort 
of your expectations, you will kindly take the will for the deed, 
Dtid extend to me that patient consideration, which a sense of 
my own deficiencies and the importance of the subject induce 
me to ask. 

On a former occasion I was invited by the Committee of 
Management of the Union of the Yorkshire Mechanics' Institutes 
at Leeds to give them a lecture on boiler explosions, and in my 
endeavours to comply with tbat request, the lecture then pro- 
posed wa3 extended to two : first, on boiler construction ; and 
secondly, on the causes of boiler explosions. 

Those lectiu^s were attentively listened to by large audiences, 
and the Committee did nie the honour to consider them of such 
uuportancc as to have them printed and published ni a cheap 
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form for distnbutiou amoDgsl tho membora of the inatituhons 
and the public. ^1 

Iti the consideration and preparation of those lectures, T 
found the subject guiu upon me so fa,^t, and become bo exceed- 
ingly interesting, a^ to induce a strong desire for still furtlior 
reaearch ; but my time was then nauch occupied with other 
professional duties, and I was obligetl to abandon the attempt 
until a more fitting opportunity. 

During a long and somewhat laborious professional life, I 
have however contrived, as a relaxation from other duties, to 
devote a considerable part of my leisure, and no small por- 
tion of the hours of sleep, to scientific infjuirics; and finding 
it has done me no harm, but rather quickened the intellect, by 
enlarging its sphere of action, I have the leaa hesitation in 
tecammending this practice to most of you, aa 1 arn satistied 
you will find it productive of enjoynient as well as benefit- 
In early life I laboured, like some of yourselves, under many 
difficulties. Their causes I could not control; but experience 
has convinced me how much may be done by a willing mind; i 
and with what certainty indomitable perseverance and a never- 
tiring enthusiasm in your pursuits will clear away all obstacles, 
and lead, by most satisfactory and pleasant paths, to reputation 
and success. In framing an occupation, or deteraiining upon 
a study for the employment of your leisure time, let me recoio- 
mend you to consider well first what you desire to attain. Let 
the object be practiud and useful; then hriug the whole jmwer 
of your mind to bear directly upon the subject ; work hard, 
and let not your energy be tliwartcd even by the taunts and 
ridicule which companions and fellow -labourers will oftj^n- 
times attempt to throw upon yourselves and your pursuits, lie 
not dismayed by early failure, nor turned aside by the tedium 
of mastering the drudgery of rutlimcntary study, 'ilie plea- 
sures and deUghts of knowledge come only with a thorough 
understanding ; and nothing valuable, least of all the treasure 
of a gifted mind, is to be had without lal>our. Nature has 
inculcated this principle for the moral government of man; 




and thougb the prize may be difficult of attainment, it never 
fails in the end to reward the zcalouB labours of the inquiring 
student. 

At the commencement of these observations, I stated that I 
fouud the investigations in which I was engaged for the York- 
shire Meohanirs' Institutions so exceedingly interesting as to 
render further cstension of time necessaiy for their extended 
development. That article, so valuable to an inquiring mind, 
was not, however, at my disposal; and I have therefore been 
compelled to postpone the inquiry from time to time until a 
fitting opportunity sboiild arise for a renewal of it. This being 
the case, I ^yill now endeavour to lay before you euch facts as I 
have collected, and such as, I trust, may prove conducive to the 
extension of your knowledge! and useful iu the daily practice of 
your separate cnllinga. 

It is well known to every lover of science that we are 
indc^bted to James Watt for many of the comforts and enjoy- 
ments of our social esistenoe. To the ingenious contrivances, 
sound judgment, and philosophical research of that great man 
we owe more than I shall attempt to describe. We owe to 
him, ui fact, f/iG Sfmm-Ej9gine\ Now, the very word steam- 
engine denotes Bomething more than a machine. It com- 
prehends the engine in its organic construction as a machine, 
and it also comprehends steimi, as an element of propulsion, 
acting upon its organization, and something to hoid the steam. 
L'pon sfcavi and the holder of steam it is therefore my present 
purpose to discoiu^e. In directing your attention to these 
two points, I shall endeavour to investigate siich principles, and 
to lay before you sueii facts, as, I trust, may prove serviceable 
in the uses and application of that important dement. In the 
first place, then, we shall confine our observations to steam; 
and in the second, to fhe 6oiler or (he vessel in which it is 
generated. 

Before entering upon the more immediate and conclusive 
portion of this address, it may be interesting to enumerate 
some of the most obvious and characteristic properties of steam. 
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On this subject I cannot do better than quote tlie language 
employed by Dr. Robinaon, the friend acd biographer of 
Watt, in his TrcatiBe on Stenia and tlie Steam-Engine. In 
tbis treatise the learned Doctor observes, that " steam ie the 
name given in our language to tlie vbiblc moial vapo^ir which 
arisea fronx all bodies which contain juices easily enxilled from 
them by heals not sufBcient for their combiuation. Thus we 
say, the steam of boiling water, of malt, of a tan-bed, &c. It 
ia distinguished from amokc by its not having been produced 
by oomliuslioii, by not containing any aont, and by its being 
condensable by cold into water, oil, inflammable spirits, or 
liquids composed of these. 

*' We sec it rise in great abundnnce from bodies when lb 
are heated, forniing a wliite cloiid, wbic^h diffuses itself and 
disappears at no great distance from the body from which it is 
produced. In this case, the surrounding air is found loaded 
with the water or moisture which seems to have produced it, 
and the steam seems to be completely soluble in air, as salt is 
in water, composing, while thus united, a transparent clastic 
fluid. 

" But in order to its appearance in the form of an opaque 
whit^ cloud, the mixture with, or dissemination in air, or ttrni 
daUiofitnd colder than if^ei/y seems absolutely necessary. If a 
tea-kettle boils violently, so that the steam is formed at the 
spout in great abundance, it may be observed that the visible 
cloud is not formed at the mouth of tho spout, but at a small 
distance before it, and the vapour is perfectly transparent at its 
first emission. This is rendered still more evident by fittmg to 
the epout of a tea-kcttio a glass pipe of any length, ajid of as 
large a diameter as we please. The steam ia produced as 
copiously as without this pipe, but the vapour is trarjspareiil 
through the whole length of the pipe. Nay, if this pipe com- 
municate with a glass vessel terminating in another pipe, and 
if the vessel be kept sufficiently hot, the steam will be ahun* 
dantly produced at the mouth of the second pipe as !>efore, and 
the vessel will be quite transparent. The visibility therefore of 
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the matter which constitnU^ the steam is \m occidental or 
extraiiL'tnifj cirtuni stance, ami rtquires the admixture with air; 
yet tliis quality again leaves it when united with air by solu- 
tion. It appears therefore to recjuire q dmcviination In the air. 
The flppcarana:a are quite agreeable to this notion ; for we 
know tliat ooe perfeetly tmnspurent body, when minutely 
divided nnd diffused among the ports of another transparent 
body, but not dissolved in \t. makes a mass which is visible. 
Thus, oil beaten up with water makes a white op&j]ue moss. 

'* In the meaniinie, as stt^anj ia produced, the water 
gradually wastes in the tea-kettle, and will soon be totally 
expended, if we continue it on the fire. It id reasonable 
therefore to suppose, that this i^team is nothing but wnter 
changed by heat into an aerial or ehistie form. If so, we should 
expect that the privation of this heat would leave it in the form 
of water again. Accjjrditigly, this is fully verified by experi- 
ment ; for if the pipe fitted to ihe spout of the tea-kettle be 
aurruunded with eold water, no steam will issue, but water will 
continually trickle from it in drops; and if the process be con-* 
ducted with the proper precautions, the water which we thus 
obtain &om the pipe will he fonnd equal in quantity to that 
which disappears firom the tea-kettle. 

" This is evidendv the commoD pmcess of distiDing; and the 
whole appearance may be explained by saying, that the water 
is converted by heat into an elastic vapour, and that this, meet- 
ing with colder air, imparts to it the heat which it ranie^l ofT 
u it arose from the healed water, and being deprived of its 
keat, it is i^ain water. 

"Tbe paitieles of this water, being vastly more remote from 
fsdi other than when ibev were in the tea-kettle, and thu:4 
being disseminated in the air, become visible by reflecting light 
botu their anterior and posterior surfaces, in the same tuanner 
as 8 transparent nh becomes \iaible when reduced to a fine 
powder. Thu^ diasemListed water^ Ijeiug presented to the air in 
a very extended sur^ce, is quickly di^fiolved by it. aa poniukd 
«a]t is in water, and again becomes a transparent fioid, bat of a 
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different nature to what it was before, being no longer conve^^ 
ible into wftter by depriving it of its heat." ^| 

It is in this way that Dr. Robinson explains tlie natore and 
properties of steam ; and alcbough a great number of the most 

diatinguished pbilosophi^ra of the last century gave the subject 
careful consideration, it was nevertheless reserved for Dr.BIack, 
in bis "Theory of Latent Heat/ to explain the phdcnomena, and 
to give the subject that minute attention, which the growing 
interests of the steam-en gine» and other discoveries in chemical 
ecience required. 

In the consideration of steam generated from water at cue 
pressare, as compared with eteam generated for similar pur- 
poses at anotlier pressure, it will be necessjtry, for the sake of 
illustration, and the more readily to distinguish the difference 
which cKislfl between them, to trace water in its different stages 
or degrees of temperature correspondiDg with tlie varied conJI- i 
tions of passing from the solid to the liquid, and from the lirjuid i 
tfl the vaporous stale. These conditions have been carefully 
investigated by different authors ; but in order to render the 
subject aa explicit and pnictical as possible, it wi]l be necessary 
to inquire, first, into the condition of water as it exists in it« 
three separate forma of sobdity, fluidity^ and vapour ; and 
secondly, as to the ratio of the tempemturcj density, mi 
elasticity of steam when in contact with the water which 
duces it. 

In this division of the subject we have therefore to consider, 
1. T/ie condifion of water as if erisU in its three separafe 
forms of solidity, fiuidity^ and vaponr*. Water in the condition 
of ice is a sohd, tranaparcnt, and brittle substance, and mfij 
easily be produced by reducing the Lemperal»re to 3ii°Fahr, 
In this state it is lighter than the liquid water (I believe Galiieo 
was the first to discover this fact) ; and hence it happens that it 
floats upon water, its specific gravity being to that of water as 

• Ic win be observed that wttter in the ffolld sCute haa coaaidtrablc cobe^ 
£ioTi; in the liquid form this cohesLuu ts greatly diminiBh&d, und it is enlirtly 
deftLioyed wht^ii Lbi: ^ntut U 'm the (oi\i\ of riijjQur. 



and 
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S : 9. The rarefaction of ice is sTipposed to be owing to air- 
bubLles which are formed in the water at the inataiit of freezing, 
and being thus considerably larger thnn the quantity of water 
frozen^ it is spt?cirtcallv lightLT, 

Others, again, such as M. Mairan, attribute the increaao of 
its bulk to a diflerent cause ; according to that author, it ariaea 
from a different arrnngeiuent of the parts of the water from 
which it is formed ; which in the aet of freezing resolves itself 
into crystals or tilomenta rcgiilorly joined at angles of 60^» 
and whieh angular disposition causes a greater iuci^aftu of 
volume than if they were parallel. He found bv experiment, 
the augmentation of o volumo of water by freezirgj iu different 
trials, to be ^th, i^th, and ^th part of tiiat volnuic; and 
when the water was previously [iiirgetl of air, only ^nii part. 
This is the condition of water in the soUd state j and it is curious 
to observe with what regularity and certainty tliis new con- 
dition is produced when its temperature is reduced below 
32°. Elevate ihe temperature above that poiut, aud you have 
the phenomenon of fluidity accomitanied with all its attend- 
ant forms and conditions of cmergcocc from its imprisoned 
state. These phoenomeim have been beautifully illustnited 
by Dr. Black in his theory of latent heat. That distin- 
guished phdoaophcr discovered that it was not suihcicnt for 
converting ice into water, that it be raised to a tenjpenttiu'e 
in which it can no longer retain that form, as a piece of ice of 
the temperature of 3'-]'^ will i-emain a verj" long time in air at 
b\f before it melts, remaining all the time at 32°, aud therefore 
continually absorbing heat from the surrounding air until it in 
all melted. By comparing the time at which the ice hod its 
lemperatnre changed from "ZQ'^ to 33*^, he found it ahsorlied 
130 to 140 times as mueli heat as would have raised its tem- 
perature one degree ; and he found that one poiuid of ice, when 
mixed with one pound of water 14(1° warmer, was just melted, 
hut without rising in its temperature above "St^. Hence ho 
justly concluded, that water differed from ice of the same tem- 
perature by containing as a constituent a greater quantity of 

L 
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Ileal unitfid in such a way as not to cjuit it for another colder 
body, and therefore so as not lo affect the merairy ot the tli^r- 
jnoineter and expand it. This condition of the ti?niperature, 
consiilered aa the cause of heat, was investigated by Dr. Black, 
under ihc (expression of /afr/ff heat 

If more heat is added lo the water, it is no longer latent 
heat, but becomes sensible in its effects, by raising the thermo- 
meter, shomng the dcgieea of redundant heat, while flnidJly 
aionc is the indication of the combined and latent heat- 
Thus we have water in two distinct forms, the solid U)d 
the fluid : in these perfectly separate conditions wc have the 
pha-noinena of hLiat exercising the same inflncnee on water as 
it does on all other bodies in nature, and whieh never fails 
to produce the desu'cd effect in change of form and other coa- 
chtiona, so clearly esemplificd in tlic organization of everything 
which evisLtS- 

Lct us now consider the pha?nomena which are presented 
us when water pasaes into the state of vaijuur. 

Water in a slate of ebuUiiiou. — ^The couveraion of ice mto 
water brings us to that part of our subject in which we msy 
continue to inipnrt heat to the liquified mass, such as wc see in 
a boiler oi kettle, until it reaches the tciiiiTerature of Jl:i°, ffhen 
it boils. The phienonienaof ebidlition or boiling lu-e curious, as 
well as interesting and instructive, and it is necessary wc ahoulJ 
oil become acquainted with them before we can attain a corrtd 
knowledge of the nature and properties of hteam. If we twke a 
vessel filled with water, and apply heal to its bottom and sides, 
wc then have sensible indications by the tliennomctcr of the rise 
of tein|ierature in the fluid : continue the appHcAtimi of heat, wid 
the particles of water in contact with the bottom and sides form 
themselves into globules, which, being of greatly reduceil 
specific gravity, gradually ascend, until tlic colder stratum of 
water on the npper surface of the vessel robs them of their htitl, 
and thus destroys that buoyancy which was necessary for tlwii 
ascent. This may bo seen by holding water in a Florence fiask 
over a lamp, when it will be nbserved, some time before ebulK- 
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tion takes pl&r«, that tht' globules or Lubbles iire formed at the 
bottom, and that they rise but a short distance iu the fluid 
before they disappear. The distances which they n*uch Wfore 
they collapse or disappear depends upon the temperature of the 
fluid, but iLcy continue to rise higher and highiT until the 
temperature reaches 2V1°, when tlie commotion of the water 
baconies general, and boiling ensues*. In tliia state of the 

• Tht con^eniion of vrater iulo steam is thus dc«ribed hj Dr, RobmBoHj 
io his ' Mecbanicai Ph3Qw>phy." In ejieakipg of boilTng water and atcani, he 
iiay«. tlmt "tLia couv^i^iuit at llc{nuh~-'(oT it \b imt confined to vnter. but 
ohtnios oUo in aidant spjnts, oils, mercury^ £ic. — -\3 the ctinec of boiliQ^i 
The heat ie npplied to the bottom ant! Hides of the vefiseV and gradiiaJly aci^u- 
mulatu ia the fluid, in a s^nfiblt Btacc. uncouibincd. arid icadj (o qiiit it tind 
enl^r into any body thiit is colder, and to ditfute Hscli bctu'cen them- 'I'hus 
it eotcr? into the fluid of iLe tlji^miuineter. cx^nuida it> and tbua ^irtfi ua the 
UldicTibon of the dcj^rcc in tv'bich it hae been occumulnted in the w&ter^ for 
the thercDoineter awelU an long" ^ it cantinues to absorb Heosiblp heat ftum 
the w&tci ; and when the sensible heat in both i» in equilibno, io a propor- 
tion depending upon the nature of the two fiujd^, the thermooiGter rises no 
more, because it abaorbH no mure beat or fire from the wntcr; for the 
putjcle? of wat^r w^uch are in immediate contiict with the buttoni, are now 
(by this gradual ejpanftion of liquidity) nt such a distflocefrom eaeh other, that 
their laws of attmctiDii for each other and for heat ore totally changed. 
E&ch paitiele either no longer attracts, or peThn|>fl it repeta iia adjoining 
iraiticie, and auw Eu:cuuiul&tea round itself a great number of tJie particles uf 
heat, and fornix a pBrticb of chuCic duid^ no lelmted to the adjoining new- 
formed purticle^, a* to r<?j)el them to b dii'tance a^mut Ivfelvf and a half times 
greater than their di^timee in the state of water. Thua a maas of cliulio 
vnpour of fen&ible mnErnitude is formed- lleing about two thousand timett 
lighter Lhan Jiri equal bulk of water, it must rise up through it. Jia a cork 
would do, in the form of a traneporent bull or bubble, and getting to the lop, 
it db»»ipatea. fiUing the iipper part of the ue.'^^el with vapour or attain, 

" Thus by tossing the liquid into buhhlcft, which arc produced all OTcr the 
bottom or HJde« of the vetsel. it producer tiie phEcnomena of ebullition or 
luiliDg- Obaerve. tlmt during it:^ pasajt^ up through the wal^r. it i^ not 
dutngcd or coadepscd ; for the surrounding water is already bo hot that the 
MDsible or unrombjned heal in it ia in tfqiiirdirio with Ihiit in the vapour, and 
therefore it \% not disposed to (ibeorb any of that heat which is combititd uv 
an ingredient of this vaponr, and ^ves it its elasticity. For tliia re^ason it 
bappena that water will not boil till its whole inaaa be heated up to 213° ; 
for if the upper part be colder, it robs the rifiag bubble of that heat which ia 
aeceuajj for its ela^tictty. ^o that it iminediHitely eullnpsc* again, and th« 
mftcc of tlie watcj remains still/' 
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heated Huid, it luiiat he Ixrnu; iu lutiid thai water wilt not boil 
unk-Bs the heut is applied to the bottom or sides oF ibe vesarl. 
If the heat be applied to the top of the vessel, the water will 
evaporate and wastx: away withtnit boiling, and lieuce follows 
the iificensitv of ^pplyii»g our fiiruaees and heat at the right ^>art 
of the boiler, which is evidently at the bottom. Heat, from its 
want Qi poRdtrofiitff, is highly dastic, and when enclosed in films 
of water in Uie fortn of globules, its &]»eciUc gravity is many 
thousacid times less than that of water. The particles of heat 
to a certain extent radiate from a fire in cvcrj' direction, but it 
will be found that in open space the tendency is upwards, and 
that, mort: piii"ticidaHv, wlion iiupirted to water, when tlic 
globides are produced all over the bottom> and make their ascent* 
vertically, as already dcacribod, 

Wc may further obsen-e, lliat water boils at different tempe- 
ratures, aceording as the atmosphere ia heavy or light. When 
the barometer is low, the fluid will boil at a lower temperature, 
aa water at 30 niches of tht" barometer boils at lil^*^; at 
2S inches it boils at 20S ^ ; and upon the plains of Quito, where 
the air is attenuated and the barometer st-ands at 21 inches, 
water boUa at Ltl[>^ making a difference of L7^. These arc 
jKiints to which I would reconuiiend careful attention, as tbc 
lemperature at which water boils has a certain relatioD to the 
pressure of the vapour which ia formed, aa we shall now wore 
fully explain. 

Jffift't w a stak' of vapour. — llaviiig attained the bcnliii^' 
point, we now arrive at the third state of water, viz. in tli<: 
shape of vapour or steam. ThLi is a subject which we sl^l 
have to consider more minutely, and I shall therefore endeavour 
to make you thoiongUiy acquainted with all the properties i>( 
steam, particularly those relating to tension, density, elasticity^ 
&c, Wc shall have the more occasion for this information, aa it 
relates to our daily practice, and all those requirement* tlmt 
govern the application of steam, not only as an agent of immense 
force and power, but in all its varied appliances to the uachil 
arts. On this part of tlie subject I shall have to entrt-nch upon 
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patience, and in doing so, T have to invite your earnest Rnil 
^careful attention, 

^H Dr, Ure, hi his * Dicttonarj^ of Arts, Manufactures and Mines/ 
^Hbder the article Evaporation, observe;;, '* that it is a process by 
^which any substance is converted into and carried off in va]K}ur ; 
further, that the vapour of water is an elastic fluid, whose 
tension and density depend upon the temperature of water with 
\ wbieh ii is in contact \ that the vapour rising from water, 
heated to l()o° Fahr-^ possesses an elastic force eopabb of sup- 
I porting a column of mercury 108 Jnclics high, atid ita density is 
sueh fhrtt SO cubic feet of such voijout contains one pound of 
water, whereas 32^ cnbic feet of steam, of the density corre- 
sponding to a temperature oi 213°, and a pressure of ISO inches 
of meirury. weigh one poiuid. From this we mny ciilcuhite, 
when the temperature of the water is given, tlie elasticity and 
specific gravity of tlic vapour" 

In our attempts to vaporize water, or what is technically 
called, in rnisini^ »ffat}tj we must ob^ei"ve that thfre is a witie 
difference between steam gcneintcd in an open vessel and steam 
generated in a close one. In the tirst case, the temperature 
never exceeds 312° at the ordiuiiry [jressnrc of the air ; whercus 
in the latter case, the temperature aa well as tlie density and 
elasticity may be carried to any extent consistent with the safety 
or strength of the vessel in whifih it is generatecl. This ia otic 
of the conditions which should never be lost sight of, as the 
security of life and property not im frequently depends npoii the 
extent and proper use of our knowledge relative to tlicse pro- 
perties of steam. It would appear absurd to every thinking 
person, if I were lo attempt to supply data for the construction 
of vessels calculated to bottle up and retain vaponjus matter of 
highly elastic force, unless I tirst made myself act^uaintcd with 
the nature of the matj-'rial aud the agtfiicitza I had to deal with ; 
and hence follow the reasons for occupying your time in 
endeavouring to impart to you such knowledge as I have 
collecteil from study and long experience, and whieli I cheeifidly 
t^der for your guidance, as it has served for my own in what I 
may venture to consider a moderately aueuessfid practice. 
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On the ratio of (he ievHperahiret denmt^, and elwiticifjf of 
titeatn when in contact wiih the water that produces iL — ^Thf 
vapours exhaled from a liquid at any temperature coutain, 
according to Dr. Ure, "more lieat than the fluid from wbicb 
they spring, and they cease to form whenever the supply of heat 
into tbc liquid is stopped." Thia is perfectly true; but continue 
to apply the heat, and also the supply of water — as we find it 
necessary to do in a fiuTiaw and boiler — and we continue the 
ppocess of evaporation with all its accompaniments of vaporiza- 
tion, firing, feeding, ^c, e»s exhibited in our general prartice of 
raishig yteam, lu coudueling with uniformity this proccas, let us 
suppose that the temperature of the furnace and the steam, or 
the evaporated part of the water contained in the boiler, are ao 
adjusted as to he exactly in arenrdance ^"il.h the density and 
qnrJitv of the steam produLved. We slmll then have throughtJUt 
the whole process the i-equired equivalents of quantities as regards 
temperatin^, density, and elasticity. 

When steam is eonlined in the boiler of a stewn-eugiue, full/ 
supplied with water, the heat applied to the boiler raises fresli 
portions of vapour, which increases the density and eloaticit)' of 
the steam alrcjidy fcmited* so that the increase of temjwratiu^, 
given to the steam, is aot only attended with an iuere:ise of 
pressure, but also with an increase of density : experimental 
tables have been constructed by Arago and Dulong, giving the 
relation of the elasticity, temperature and density of this steam'. 
The steam that is thus raised, in contact with its water, is said 
to he in a state of Baturation, or to be saturated with waterj 
vapour, and then the steam has tho greatest density it coo attain 



• ITie relation of volume and temperature of aaturated ateara has nol jei 
been detenninHd by direct eip«riineiit- In the loble reterrcd to. the Tt*lunie 
of tbe i-tBauL la calculated on the a^autnptjuii of iIjc laws of gaaeous deiiMty. 
that IE to say, on the at^umptian that the piaeQiis laws of Mnriotle ajid Gny- 
La^sHc B\y\'Ay to steam in n Htate of satumdor. The caleulotions of Bcnldne 
and Tliomaon, baaed upcm Carnot's theory and the tnechaDicol equivalent of 
heat diPcoveTed by Joule, show that for tempCTatnres doC exceeding ^ \ 3'^, tbc 
gaseoufl law? ^VV^y "i^'i conAiderable exactncM. but that for higher tempera- 
tiireij there is a decided deviation. 
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tfe gmn taupenaare : but if Uuk steam be sepanl«d 
bom die vifar boat vhkfa it has beeo formed azul iddibooal 
hot spphed, tbe rtktioiis oC tempenture ftni) density of saUi- 
nted iiciB BO knger cskt, for wfaikt the temperature of ibe 
steam k ncmaed, its densitT is do kmger increase for iraat of 
fresli HipyBct of watery vapour ; the »ie^m in this state is aaid 
to be aaliydroQfi, tbat ie, in a dry state, and the relabcnis of 
taipfntore and pressure, wbea tbe flicam is allowed to expand, 
iolbv a law wfaict has not been as vet eiactlv dttennined br 
cqicniDciiL It is impcvtaitt to observe, that the great iDcrease 
of the dastidtT or ptessiii« of et^am in a state of saturation, as 
the ttsnpentnte is mcnAded, resnlts not taerelT &om the expao- 
fiTTf ftirrr nf thr rtram ahrndy fiirmrfl, hnt attm from the coDticiul 
additioD of B^r poitiosn of steam for ef^ addition of tempen- 
tare : the adAtkais of bc«t are not expended in simply tending 
to expand the ^team. but also in adding fresh portiona of steam 
to that which ia ^feady formed, and thereby increasing tU 
dnisitT as wcjt m Ha «tetiaty. 

1 would earnestly call your attention to these iicts, for man} 
of the moat amouA boiler nptDsifMu have ariscu &ioai a want 
of a {tfoper afqffodatioa of them. For further informatioa ca 
this n^]|ecl, ace tbe *' Kceeart^ies into causes of the exploaons 
of a LocxxDotire Engine at IxingHght," Appendix No, 11., in 
vhich win be found a aeriea of experiments bearing direcity 
on the genentive powers of the steam-boiter. 

It has been ahowu by di&r^nt ei;periiiicntalistB, that the 
(bOowtng gaseous kws hold true, or ht Itasl nearly tme, io rda- 
tion to steam : — 

L Hie pujMin: of steam is inversely as its vcdumc when tbe 
tempeiBhtr^ remains the same. This is known far the name of 
Haiiotte's or Boyle's law. 

Thus let V iepn:«ent the fohmie of a given weight of sKam, 

P its elastie pressaie; and let V, repre^nt the volume cf the 

same weight of steam at the pressure F, - tbea supposing tbe 

tcmpefature of the st^am to be the same in both cxs^a, we have 

P V. 



F. ^ 



ID 
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According to this law, if a given weight of au clastic fluid be 
compressed to half its primitive voiiimej without changing its 
teinperoture, tiie elastic force of that fluid will become double. 

2. AJl elastic fluida, uudcr the sanie pressure, expand uni- 
formly for tqual increments of temperature. 

The expansion of a given volume of an elastic fluid at 3^^^ is 
^^th part of this volume for every degree of tejufierature. This 
law was discovered by Gay-Lussac and Daltoti, 

If V aud I be put tor the volume and temperature of a given 
weight of an elastic fluid, and V, the volume of the same weight 
of fluid when the temperature is /^, the pressure remaining the 
same ; then it follows from tliis law, that 

Vj 458+/ ^"J 

Moreover, if P be put for the [iressure at the volume V, and 
P, the pressure at the tcmjierature t^, supposing the \olumc of 
the fluid to remain unchanged, then 

P, 458 + f, W 

When the volume as well as the tempenilure of the elastic 
fluid is changed, we find, from a combination of the two gaseous 
lawB» the following relation : 

V xP 458 + i 



V,xP^ 458 + i, 



W 



In the case of steam, if /, = 212^ P, = 15, and V,= 1670. 
which is the volume of steam raised from a unit of water at this 
temperature and pressure, then this esprcssion becomes 



V= 



1670x15 458 + f 
X 



tilO - -p ' 

which gives the volume of steam at P pressure, and £ tempera 
ture raised from a unit of water. The Tables giving the tempi'- 
rature, jjreasure and volume of ateam are calculated by this 
formula. For example, if /=330^ and P:=100 Iba- as detei- 
mined by experiment, then 

V= — s=s— y — .„. =2^4 nearly. 



4 



670 
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which is the volume of a unit of water in the fomi of saturated 
steam at 330° temperature, and 100 lbs. pressure jie-r square 
iocli*. 



• The valuable experiraeiils of Rtgoaull shovi ibat the laws of MtiriDtle 
ond Goy-Liisaflc are ycry ucotW strictly true ns applied to piinnanentlj clflPlic 
fluids, llie devIntionB from ilie lnw of MnrioUe ere bo ^mill that Ihey mHV 
alnioftbe tukcnna crtora naultiog from obscrvatian. According to Rcgnault'n 
«3tjiena)ent», the iToeffictetit of expaiiuon of air fur ever)' degree Cent, abot^ 

the freezing-paim of water k '(MJ,t665, or -002036=— nearly, fur tvciy 

*(U I 

degree Prthr. tVia coefllci^nt hj*^ bten deduced from thp ehang-e of elitftic 

lurcc vhicli the b&toc rduroc of gaa undcfgoca when iu temperature chanecB 

1^ But the namber 'OOase?, or '002037 = -^;-- nearly, should be wdopteJ 

430" 8 

vhen lb* gaa i* allowed to expand freely undtr the *cme prepaYire, ReguauH 

further detennlni:)! tliHl tLe coefficient of expan^iun varies with the density of 

the gas ; hia reaults are gjpen ■□ tbo follo^'ing Toblt? ; — 

DUtU o/ ditattttion of nir at diferait iensitier. 





c;ixaclrDC o1 ctpaniiiiD fur Eferjr 


■tBUiB]Jh!R bring umLy. 


P- 


«. 


0-!4'14 


^f)036483 


Q-J-2UA 


'0036613 


O-.'iMH 


-003654'i 


iVA'^lity 


■OO^iOSH? 


lOlXN) 


^00,-Ifi(;50 


2-2Hm 


-iKi:i(i;M> 


2'51?70 


■wij'isoy 


^■8L'!3 


-no-i6Ht4 


4S1'0 


-f*j;m*i 



[f 9 be put fot Ibe coeEScient of dilntation at p density, tben the following 

formula nill tS^ve Qii apjiruxio^ate expressiDn for the vduu contained In tliie 

Uble :— 

0='OO3e63 +000018 (;j-I)-OOOOOIS (p^l)' (1) 

If V and t be put for the vclunie »nd lempernlure of a given weight of a\i 

at p pn^sure, having the corrceponding cocificjent of CApanslon 9. and V, the 

Folnme of tlxc FHiae weight of fiuid when the tentjieiaturs ia i^, the prti#Bure 

remoitilng the same ; then it fullows ^out thia Uw that 

V_l+9f 

V, i+tff, 

Similiu-ly. we have fbr the same weight of uir, when ibt i;D«J!]c:itut i>f 
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On l&c total quantil^ of heat in »£eam at different tejuperatttref, 
— According to the experiments of Kcgnault, the total amount of 
ailoric ill steaju at 2\2°, or boiliiig-jjoiiit, is 114G'^"G Falir., that 
is to say, the teat necessary to form a poimd-weight of steam at 



etpnnaioQ coircapoatllnf^ to the prceeurc p' la b\ t^e Tolumea at t and /, teii»^ 
peruturcA being V and V,' respectively, — T 

V 1 + ^* 



v/ I'V^t, '^ 






From (2) and (3) we gel 

v v/'^o+eijci+e'o" 

V . - 

Here ^ is the mtio of the volutnca of the aome weight of bit at the fosat 

tempi^iature I, at the different iireasurca p &nd j/ ; and m like inamiiiT }^ la 

thi; ruti^ of tht; Tolumescf the iiirut the aanit temptrature /|, at LJie difftrnit 
preesuree p m^d p'. litis expresfiion aho^^G that thcec ratioe are not cquiU. 
for wht?n /»' is greater ihnm ;>. then 6' is Renter than 0, Hence we derive 
the followiiig rcioEu-kabLe rcaiilt : — 

If I he iavt ttf Mariotfe be ^tnctly Irve/or imy given ttuijieratare I, it vUlimt 
he ifriclly tru^Jor any olh^r Iffayeraturc i^- 

According to the law of Mariotle, let 



■-r 



p 



p 

but when the temperature is t-y, by equation (I) this expression becomes 

'"v/ p' 7 O + tfOO+^'i) ^(H-ti'O(i+''0 

p 

\ip' be greater than py then 0' is greater than : and for all vaiuei of 'g 
less than t, this fraction will be greater than unity, and for idl values of 
fi greater than t. it will be less than unity : hence if the law be true for th? 
temperature t, it will not hold strictly true for the lempemture ty But itf 

exccsa or deficiency =J MrVi — 1\ *^^' ^° ^ poaeible casea, be a flmali 

(1 + ^"|) (1 +ot) 

fraction- For example, let p be equal to the atmospheric pressure, p'^^ft 
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212"^ t-cmpemlurt: (supposing the water in the hoiler to be at 
first 32*), would raiso the tempemturf of u pound of water 
(Bupposing it to romaiu liquid) IH6°"6, or, what is the same 
thing, it would raise the temperature of 1 1460 lbs. of water l'^. 
It wdl be convenient to adopt some unit of caloric; fur this 
putpose we shall define a unit of caloric to lie that amoTint of 
heat which is necessary to elevate a pound of water 1*" ; accord- 
ing to tbis definition, the total number of units of caloric in a 
pound ofstc^ain ni 513" is 114fi"(!, and the nufubcr of units of 
latent caloric in it will be 1146'6 less by 215, or U34'(3. 

Dr. Black, the discoverer of latent heat, concluded from his 
experiments, that the sum of the sensible and latent heat of a 
given weight ofstettm is always the same, or in other words, that a 
given weight of »teaiu at any given pressure contains the sunic 
amount of caloric that there is contained in the same weight of 
steam at any other pressure. This simple law, until verj' 
recently, was universally adopted by Datural philosophers ; but 
the experiments of Rcguault have shown that the total amount 
of caloric in u given weight of steam increases (slowly) with the 
increase of tem|*eraturc- If we take the total units of caloric of 
steam at :2L^° to be 1L46'6, and if A he put for the total units of 
caloric at T temperature^ then — 
The law of Black will be expressed by 

X-f-T=lU6 6, or X=il tG-6— T, 

And the law discovered hy Rcguault mil be expressed by 

A=IOS2+305T (5) 

At •112'^ sensible temperature, the total caloric in both cases 



f=lOC^i,-0, thenbyfomulH(l) we find 9= OUSCCJ, Wld tf'=-0Ug69 j 
hciwt we tad by feubscJuittDg in fbmiula (5) 

V. 






1 00 X -000025 



1+3665 



= 1 -OOS neariy. 



llikd»UJ. to a cvrtaia eitctit, nccaantfbrthediecre|t«DcTcc vbiebbave been 

'JbMfif&l by different fipennieaiaii«tii. 
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will i)e 1 146^6 ; whrrens nt 500° the toUil cnlnric ftcrording to 
RegnmiU*s law will be 1173'''5, wliich is about ^7"^ in fxcfss of 
ll4(j°'6, ard, on the contrary, at 190^* tbe total caloric according 
to llegnaiilt's law will be 1L40 neaily, which is about G° less 
than 114fi^'C- Now taking ir)4 na tlif iiiean of these differ- 
ences^ and adding it to 1U<5'G, we shall have X^1163 as a 
mean value for the total caloric of steam, according to Bhick's 
law, which will not ditter much from tbe tnie value as derivtrl 
from R^jguHuit's furinnlft for differt^ut teniiieratures. 

The formula A=10S2+'"30&T is of great aignificauce and 
imi>ortance. It slows that in order to raise the temperature of 
saturated Hteam 1° there must be 305 of a unit of calorir 
added to that steam*. It is therefore api^areut that steam of 
a high pressure contains luorc caloric than stconi at a less tern- 
[lerature, and therefore it is most ccx^nomical to evaporate li(|uid3 
at as low a temperature as possible. 

Tbe following lablef exhibits the total caloric contained 



* This frnctian may be reghrJed aa Ihe specific heal requUiie for maia- 
Tmain^ tlie ^tcant in a stale of antur^ition, Nu direct ftliuUk exjierinicDt} 
have yft bten made for the deter mi nnCinn of tlie "^pecifif heat of ateam at 
tciuttiu^t voluQie. or at coastant pressure. 'I'lie e{H?c[£c licat of air ba^ bedi 
dctcrmincil with eoualdtruble ]>recUion. Tho eptoi^c heat of air at cont^uni 
Toliimp=0"l 7 nearly, aad at cunslflnt iirespure =C"24 nenrly. ilie ratio o* 
(ht^Ec □iiiDhcr°,A, ia l'A\, wLicb ia u^ariily tnkea as coostant for nil pree<sur« 
ntid tempeniliireS' 

[ Tilt reJjtion of the i*]eiiii:[it» contained io tbit^ table ai^ expn?s»ed with 
^leat preciaifju by the foUowin^ gtfaeml formule : — 






,J 



hgp 



_S'083 (T^ei2) 



(2:> 



T+377 

ForT=ia2^ 312^ and 302°» the values of ;* derived from these fonnuJ*^ 
exactly agree with the valuer* given in the table. For T=33y°, the valuer* 
of p derived from the formulic urc only tSo^I' P^t in exce^a of the valut* t*/ 
p given in the ruble, and for'l =33°the valuea of p derived from tlie Unant^ 
are ^th iu deficiency. 

The conalnnta in these formuls hnvc a certain relation to each other- Tb^ ' 
coiifi[aDt 5QS2 it tlie saniL' in lioth formula!- The constant 114 6' 6 in formula 
(I) Is thj total calonc V, cuiTCfliiiadinfi; to the tcuipenilure T. ludiuited bf 
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ill stcfiiii at diflbrcnt teuijKr&tuiTS tux^vaI from h unit of water 
Bt32^— 



TriQiNTiluro bf Ulf 


J^n'HVifc [if Uir lApuur 


ToUl nioflc. 




VApDUr. 


111 ftlDhH^herAL 






T. 


P- 


X. 




3% 


O'OOfc' 


1091-70 




60 


Q0\2 


1097-21 > 




s» 


O0S3 


1KI27^» 




B6 


0042 


lKW-19 




L04 


0073 


iilj-rw 




122 


ri'iai 


lliy-17 




L40 


IV 1% 


tl'J4liti 




LS8 


3t)6 


U3(J'I5 




176 


0-4G6 


n35'(^4 




L<M 


O'Ol 


IL4l'i:t 




2L2 


rooo 


1146-62 




23U 


\-4\b 


116211 




24 tl 


l-9ej 


ii67"*y> 




:f6(t 


2-671 


1163-1^ 




384 


3-676 


l|6><-68 




302 


4712 


1174-07 




320 


5-iao 


lL7y'56 




338 


7'844 


IIS5-(I5 




356 


&I-929 


llW-54 




374 


124:25 


11960:* 




393 


15-3S0 


124)1-52 




410 


18'mw 


1207 -Ul 




428 


22-BS2 


I2i2-6<] 




446 


27'MB 


1217^99 
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Let la now inquire what takes plac*; wlicn saturated »tcatu, 
separnleiil from the water, is allowed to expand or to am* 
tract. 

Acconhng to Black's lew, the steam wiU always rcmaiii in a 
tetc of saturation, whether it be compresacd or cxi>ai)ilecl ; for^ 



the coiLBt&Dt 212 of fonmik (2] ; and in liUe muiner the constant 9B7 of 
fonnulB (1) 1^ t^P value of K CDrre? ponding to the tempi^raCure T= .— 377, 
iiLdlcJiUU by tbc cQH^Eant 377 of formulB (2). So that the conatauta of ti>tal 
cnloric m th« ono fuimula correspond to the constants of temperature in tl^e 






When T=-377Mof: p = -'B, that ia p=Q ; Ihis Beema (o show, that 
at the tcmperaiure of 377** helow zero (Ffihr), the prenaure of the vapour of 
xvuter h nuthing, ^^c inl^ht tc^nuMj cx|tect thnt cK^re should be ^ hicit 
to the rcjiulfiion of the parCicIsa □( vapour to ew;h other ; this limit should 
tako placi? ui that poiut of tcmpemturt where the repulsive force of the heat 
li balunccJ hj tlic cohesive attraction of tht- particlee of the vapour. The 
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according to this law, the total caloric in etoam at all pressures 
is the saniE-, and cocsecjiieiitlj tlie ccjLtraction or expansion of 
the steam could »ot change the capacity of the Btcatn for ^^-atery 
vapour. It i3 on this assumption that tbc work of steam, acting 
expansively in the cyluider of the steam-i^ngiup. is usually calcu- 
lated ; l>ut according to Regnault's law, this work will he 
slightly in deficiency. At the same time it must be observed, 
that owing to the condensation of ateaui which must necessarily 
taki^ pl[ice ill the cyliiHier at tho coniiiiencement of every stroke 
of the piston^ a sufficient quantity of water nitist always be 

result derived from formula (2) acems to icidicate that thU temperature V^H 
377° below lero. ^B| 

When T— CO. log p— 5'083. atd ^^=121200 atraosphercfl. which b ibc 
maximum value ofp derived from the formula.. ^^m 

From formula (1) we get ^^| 

\=967 + - ■ ^^^ (3) 

And from fonnula {2).— ^^M 

''=fi^Sfr''" '*^ 

FoTTDultf (1) nnd (2) may be reduced to the foUowing forms : — ^^M 

'"^"^'-^''-iSei ''' 

Again, putting lag d = 5'OS3. log jt=913, and log *' = 2993-9, tlieae fanni 

become 

i 
l^'S07y^p^a (1) 

f^-rT^yp=a (S) 

The fonoula. X=10S2-H-305 T, esprcssea tbe total quantity of csloriif 
which muEt be comounieated to a unit of water ut 32° to maintain it in tbe 
form of steam JitT tempemture. Now let / be the lemjientiire of ilie**Kr 
in the boiler before heat i^ applied, and Q be put For the units of calDrc?^ 
qui*iite for raising this water in the form of aleiun at T leiriperature ; fhfin ■■ 
thia -water will cocloin t — 3'2 unita of caloric before the heat ia applied," 
shall have 

a=108a + '3O5T— (f— 39); 
.-. Q=nH + -005T"^ 



[jreaent in tlie cylinder to saturate the et^am with vapour as it 
(expands in the cyhndcr; it therefore follows that the steam in 
the cylinder of an expansive engine wiE always be in, or at least 
ven' nwirly in^ a stiite of satui-alion. 

According to Rt'gnault'e law, steam at a high pressure contains 
more caloric than steam at a leas pressure -. heuce it follows that 
when saturated steam is compressed, a portion of watery' vapour 
13 precipitated ; and, on the contrary, when satiuated steam is 
allowed to expand, it becomes anhydrous, that i^^ to say, it no 
longer contains all the watery vapoiu" which it is capable of sup- 
porting. For example, if a pound of ateam at 15 lbs. pressure 
be compressed until it has a pressure of 100 lbs., there will be 
about '021* lb. of water precipitated. 

There is a great advantage gained by using ste-am of high 
pressure ; for whilst the work performed by steam is nearly in 
proportion to its pressure, the quantity of heat contained in 
steam of high preSBurc is very httle more than that which is 
contJiiued in steam of low pressuR\ Tluis, for example, the 
number of units of heal contained in a pound of steam at 
100 lbs, pressure or 330° temperature, is only ^th part more 
than the units of heat contained in a pound of steam at Sii lbs, 
pressure or 260'^ temperatuie*. 

Atteaipt3 have been made to increase the efficiency of the 
steam-engine by employing whiit is railed " surchorged steam," 
or steam that has been lieatt^d after it has left the Imiler. The 
advantage which is supposed to he derived from this plan ia, 
that anhydrous or dry steam has a leas cajjacity for heat tLan 
saturated steam, whose temperature is raised whilst in contact 
with water. The leaihug features of this plan may be described 
as follows : — 

Let A represent a atcam-boiler of the usual construction, * the 

' TliiA cfitculatiOTi is perfortD^d in the folJoving- nmniier r- — 

Units ofhPBt Ht 330", or \ ^ 1032 + '305 x 330=1182; 
Ualta ^rfhcat at 360°. or X,-IC82+ '305 x 3C0=nGl ; 
K 1182 , , . 
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saf<;ty -valve, a a stop-cock, C a pipe coiivt-ying Ibc steam into a 
large receiver B, whlcli is heated by nieu-ns of a fiiniaLt^, iD a 
pipe conducting the healed steam to the cjUnder of an ordinary 
ateam-engine. The stcoin fi-om the boiler A time after lime tills 

F^. 10. 





the receiver B, where its temperature is roiscd until it attniDs » 
considerable working pressure ; in this state if then flows into 
the cylinder, where it purfurius work by its expansion, as in an 
ordinal^ steam-engine. 

Let ua suppose the receiver B to be filled with steam at 21£^ 
raised from a cubic foot of wat'^r, and let this st^am be heatei 
say to the temperature of 21)4°, then it will expand precisely as 
air or any other gas, and the increase of elasticity, aceordiagto 
Gay-Lussac's law» will be from I atmosphere to 1^ atmospiient 
that ia, fnjm a pressure of ITi lbs. piT stpmre iuch to ubout 
17 lbs. per square inch" ; but when this steam is healeJ to 
394^ ju contact with water, the additional application of heat 
inrreascs the density of the steam ao that it attains a pressiiKiof 
4 atmospheres, that is, a pressure of GO lbs. per sfjuare ini'li. 
Now it scarcely requires any calculation to show that the work 
of steam raised from a cubic foot of water at GG lbs, pn*s.^iire 
must be very much greater than the work of the same weiglit of 
steam at 17 lbs. pressure; in fact, that the work in the former 
b nearly five times the work in tbc latter; but according lo 
Regnauit's law (see fommlo (5)), tlie cubic fwjt of water in thi; 
form of satnrated steam at 294'' contains only about ^th part 
more total caloric than the cubic foot of water in the form of 
steam at 212°, hence it appears, that with less than g^^tli more 

* B7 formula (3). P= ?, x *4|±f = 13 x 1?-^t^= ^ 7 lb*, nearly. 
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caloric we have about five timea the work* From this it is 
obvious that the employment of surcharged steam, in this manner, 
is not so economical as the way in which steam is now employed. 
It is true, that by applying an enormous heat to the receiver B, 
the work of the anhydrous or heated steam may be very much 
increased. But in order to have a fair comparison betvreen the 
two methods, we should have the eaturated steam heated to the 
same temperature as the anhydrous steam. No doubt some 
advantage may be gained by heating the steam in the receiver 
until it attains a pressure equal to, or nearly equal to, the pressure 
of the steam usually employed in our steam-engines, but in 
most cases this would require the application of a destructive 
temperature. It would require the steam at 212*^ to be raised 
in the receiver to a temperature which would fuse copper in 
order to give that steam a pressure of 60 lbs, per square inch*. 

* I purpoM to make (in a few montha' time) a senei of experiments with 
the view of detennining whether or not any real adrantage is gained by the 
UK (rf Hurcbarged Bteam, beyond that of preventing condensation and the Iobb 
of heat. 
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LECTURE VTII 



ON STEAM, 

Jn the preceilingLectuTK we endeavoured to aliow, Lyafieriesot, 
investigations, — 

1st. 'ITiat in working a steam-engine, it is most convenient 
to employ sterna in the uaual iimiincT, when the temperature of 
tlie steam in tbe cylinder ia the same as the temperature oftlie 
heated steam In the receiver or pipe communicating with \h^ 
boiler. 

2nd. Tliat an advantage may be gained by the use of hiaUsJ 
steam, when tte temperature of the Btcani in the receiver is 
elevated obovc the temperature of the saturated steam m llidH 
cylinder. " 

The truth of these condnsions will, however, depend upon iU 
v^uc of the constants of specific heat ; and before wc c^n arri^ 
at definite results on a question of such importance as 
which involves the comparative efficiency of sureharged steam. 
it wiU be necessary to detenninej by actual cxpcrimeiit. tlii' 
exact value of the specific lieat of steam under constant voluoic 
as well as under constant pressure. 

These experiments, if carefully conducted^ would solve tbc 
difficulty which at present exists, and probnbly determme ibi' 
exact law which marks the difference between beat when nppfecl 
to steam under consLaiit density and volume, and steam unilcr 
circuiUBtancea where the volume is constant, but the densitj 
increased. At acme futiu-c period we shall have to consiticr 
both tlic-se questions; for the present we must content our- 
selves with an inquiry,—* 

l9t> Into the relative force of steam at different temperatures; 



rnT« 



ON STEAM. 



IC3 



2nd. Into the relative volume of Btettui to its equivalent 
vbiiimc of watcrj and 

Lastly, Into the laws \fbich govern the mecliaiiical motion of 
stcaiiij loss of temperature, fe. To ail these sijbjtcta, hearing 
directly upon the use and appliauces of steam, I invite youi* 
attention : and 1 trust, that what 1 have to communicate to you 
on these subjects will rontriliuLe to the extension of your know- 
ledge in thie department of practical science. 

L On the rdaiive Fores of Steam at dtff&reHt T&ntperatnrefi, 

The discovenes and experimental researches of Daltun eshiljit 
Bome curious and interesting facts. In hia Essays ''On the 
Constitution of mixed Gaaes, or the I'orcc of Steam or Vapour 
from Wati^r ami other Liqiiida at different TeTn[>e rat urea," 
"On Evaporation and the Expansion of Gases by Heat/' &c., 
he states, ^vhcn treating of these different subjects, — 

"Ifit, Whnn two ela.stic Huids. denoted by A and B, are 
mixed together, there is no mutuid repulsion amoLgst the 
particles; that Ib, the particles of A do not repel the particles 
of B, as they do one another. Consequently, the pressure or 
whole ^vtright upon any one particle arises solely from one of its 
own kind. 

"Slid- The force of steam from oil liquida is the same, at 
li^jiial distances above and below their seveml teiuperaturea at 
which they boil in the open air, and that force is the same 
under any preesurc of any other clascic fluid as it is in vacuo. 
Thus the force of aqueous vapour at 3L2° is equal to 30 inches 
of mercury; at 30° below, or 182^, il is of half that force; and at 
40** above, or 252°, it is of double the force. So likewise the 
vapour from sulphuric ether which boils at 103°, then support- 
ing 30 inches of niercmy, at 30° below that t^mpenitiue, ia 
of half the force, and ut 40° above it, ia of double the force, and 
BO on in other liquids, 

" 3rd. The quantity of any liquid evaporated in the open air 
is dircclly as the force of ateani from sueli liquid at its tempem- 
tare, all other ciicnmatances being the same, 

Bi 2 
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" 4tlL All tfld^tic fluids DXpand the same cjuantity bj heat ; 
mid tills expansion is very nearly in the aanie equable way as 
that of mercury, at leaat from Z2° to ^HV 

FroQi these pxtrarts it woidd appear that the expansion of all 
elaatif fluids, wht^tlier from water or any other litjiiid, follows 
the same law, and that the expansion of the particles of the 
flame fluid will be directly aa the incrcnac of temperature. 

On this question of temperature and elastic force Dolton has 
made some eKcetdingly simple as well as conclusive experi- 
ments, which he haa tabulated, showing the force of vapour 
from wiittr at every temperature — from that of (he congelation 
of mercury, or 40^^ below zeni, to S25^ of Fahrenheit, In this 
Table he gives the force of the vapour in numbers correspond- 
ing to the temperature as follows ; — 
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Now if wft compare the above deductions with actuoj experi- 
ments upon a large scale, as deduced from my own cxpenuirnts 
and those of A.rago and Dulong, it will be found that tip to 
250* there is a remarkable degree of correspondence, but above 
this temperature Dalton's ratio of pressure and temperature 
diifcrs considerably, the pressures being below those of Arago, 
Dulong, and my own. At 300^ and 325*^, for example, he givea 
the pressure or force at 55-9 and 70'7 lbs, on the square inch, 
whereas in my own experiments the pressures at the same 
temperatures are respectively 72 and lOG Ihs., and in those 
of Arago and Dulong they are 06 and 94 lbs. Iti my own 
experimeiila, as derived from the locomotive engine at Long> 
sight, they differ at the higher temperatures from both Dallon 
wid Duloug, as may be seen by the following numlx^rs, nhich 
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iDdicate the force of the steam at the respective tcmpemturcs 
of 250^ 300^ and 325''. 

Comparative FoacE op Steam hi different tempepaturce, aa 
derived from the experiments of Daltou, Arogo, Dulong, &c- 



29-0 30-2 

£5-5* 727 

707 lOti'8 



2^•B 
660 



From thia it is obvious that the pressures per square inch 
have a retuarkahle coincidence up to 250^; above tliat tempera- 
ture they do not agi-ee, DoJton'a results being as umch below 
as miue are abuve Arago's aud Dufoug's". 

It is probably dilScidt to account for the diacrepanciea which 
present themselves iu these cxperimcuts ; they may arise from 
different causes; in the cuse of Dallou, from not having means 
and opportunity to conduct liis experiment on a large scale ; 
and Arago and Dulong» although supplied with appropriate 
Apparatus and every convenience that a government can afford, 
might nevertheless encounter difficulties which the present con- 
struction of Bleam-engines adapted to work at higli preasiu^es 
haa a tendency to remove. Besides, it is not improbable tliat 
the application and the difference of instruments used in ascer- 
taining the teniperatiu"e> may have been such os to account in 
some measure for the discrcpaociea which occur ; and this is 
the more strikingly apparent, when the results obtained from 
the higher lem]»eratures and pressures of Arago and Dulong 
are considerod in reference to those indicated by the experi- 
ments at Longsightf. To these differences we may at some 
future time liavt; occasion to refer; but this rjuestiou can only 
be settled by renewed experimcLt and research ; and in doing so, 
we shall cndcavoLU' either to account for the discrepancies which 
exist, or to confirm the results of the experiments which were 

• The ciperinientH of RegnHult [see ^agv IS)) give 30'o, 6S'7, aod SS'tf 
nearly for Ibv^c pressures. 

f ITie air-theriiionu'lcr ia prohably the most tru«(Worthy instrumcot in 
conducting iIjcbl exj>crimcat«. 
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made on the occasion referred to above- For llie present we 
proceed to the consideration of the next division of oar subject. 

2. The rdaiivt voUimr and daisify of Skam to iV-* cquivdaii 
voluTTie of water. 

Numerous cxpcriraenta have been made to asccrttun tlie 
relfitive tenipeniturea and densities of stciini, but they have 
selclom been extended beyond a few otmosphens \ most of them, 
in fact, have boen made hclow the prcaanrc of the atmosphere, 
which, taken as a scientific inquiry, is highly vahiablc ; but to 
the practical ejif^ineer (having to tleal with steam as liigh as sii 
or seven atmospheres, and when he may be called upon at some 
future time, aa oor theoretical and practictil knowledge cxteudft, 
fjD use and eeonorniii^ steam nt double that [>i'cssure) they are 
comparatively of iiltle value. It is true, we have the experiments 
of Arogo and Diiloag, aa given by the Academy of Sciences, and 
those of Painlxjur in the treatise referred to in the last Lectin^; 
but even tliuse experiments, surrounded aa they are by tech- 
nical forondai, are not of a character to instruct the operative 
engineer in tlic elementary truths connected with his pro- 
fessional pursuits. The experiments of Arago and Dnlong were 
undertaken for a scientiJie as well as a pructicsU object; thej 
were instituted at the refjuest of the Acad^imy of Sciences of the 
Institute of France, almost exclusively for the purpose of deter- 
raining cerium laws; and as no expense wa3 spared, they wui'c 
conducted with great exactitude, and now form important duta, 
which may aafely be referred to, on the clastic power of sleojn 
at moderately high temperatures*. 

* In the purauLt of experimental rcscnrchj 1 would here notice the different 
which e^ipta between the Govemmeni of Frnnce nn<i that of out own couatTy. 
Wheticvtrftiloubtful queetion ia science has to be determined by eiperimcnt. 
the GovcTameat ehcerfuJl? undertakes it. generdly througb Uie medicio '^^ 
the NutionuJ Institute. Id thb counliy, the Qin^^rniueDl id i^Dcnd l&ivc^ 
the ioquiry (frequently attemled with great expense) to individuaJa. 1 willnLit 
fay whnt [ hare myself spent in this vbhj, but [ am g'lail to observe a incirT 
liberal and generous fcelin-^ on the part uf Her Ma-jcoty'a Govcmmcnt in ll»< 
yearly grant of £1000. obtBini^d through the medium and intereit of Lord John 
llu^dlf a» nil fQCOuragi^mdit for the promtjtiua and CAlcn^lon of vcienrc^ 
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Finding the experiments of Arago and Dulong limited in ^B 


tbeir application na respects temperature ond pressure, I Qvailcd ^M 


myself of an accident whicli occnrred a few yeara since, by the ^H 


explosion of u bcomotivL- (engine at Longsight, neiir Mmicliei^ter, ^H 


to extend these itujuiries ; and conceiving thot the espcrimcnla ^M 


then made refer with peculiar force to the present inquiry, I ^M 


nm sure you will not tliiJik me tedious if I attempt tc introduce ^H 


them on the present occasion. They will be found of con- ^H 


siderablc value and importance, when compared with those of ^| 


Arago and Dulong ; and having extendt^d them a^ high as the ^m 


thermomelers ranged (upwards of seven atniospherta), I trust ^H 


they will not be the less acceptable for their approximate agree- ^M 
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rnent prith the cxperimenta of the distinguiBhcd phUoaophers 
referred to*. 

Ideating of ite voJunie of HteiiTii generated under different 
pressures compared with the volume of water which produced 
it, Fanihour has compiled a Table from calculations founded on 
tbe experiments of Aragn and Dulong, of whit'h the foregoing 
table, with certaiti alterations in the arrangement, ie an extract. 

I have given this abstract in the tabulated form in order K>- 
admit of coiupariaon with the results of the actual experinieuts^ 
made at Longsight for the purpose of Qscertaining the rat^ 
at which steam accumulates, and also for determining its corre- 
sponding rate of incrcaac of prcasurc with the fire under th^ 
holler, all the outlets for (he escape of the steani being closed- 
Mr, Hamsbottom, the Resident Engineer on the North-E^isterm 
Division of the London and North-Wcstcrc Railwoy, kindly 
undertook such e^pciiments as were calculated to ascertain tl»e 
rate of aeeumulaticn of pressure in a locomotive engine having 
no escape for the steam, and ita safety-valves made fast ; but as 
those experiments, although perfectly satisfactory, were limited 
in their extent, I deemed it necessaij to repeat them under the: 
ordinary eircumstances of the engine standing, imd as nearly a-s 
])09siblc in the same condition with the fire under the boil^T 
as that which exploded. 

Mr. Rnmsbottom conducted his experiments from 30 lbs, ir»p 
to 50 lbs. on the square inch; but in order to ascertain rac*:re 
distinctly the rate of incrciiae in the pressure, it was considei-^ 
desirable to extend them tlu-ough a greater range of teinpe:»-^- 
ture, and to prove that we could not with Impunity for a.^/ 
length of time continue to shut off all means of cscflpc for the 
steam, with a blazing or even a moderate fire under the boiltr. 
From these experiments the following results were obtained : — 






For an account of the^e eijterin«nt9, lee Appendix, No. II. 
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LFERiMEVTs made to dttermine the rate of iucrreascd pressure, 
temperature of eleam, &c., in' a locomotive engine with the 

safety-valve screwed down m\d the tire under the boiler*- 
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On compmiiig the cotnpuled Table of Pambour nn pr^asure 
and temperatures willi the above resnlts, no great diiFerence 
will be found to exist, excepting only at the higher pressures, 
where the ditierence ia only about 3i per cent. We may there- 
fore consider them as near an approxinifttion as the stute of the 
thermometers and circaiiiatancea would admit. 

11 will be observed, from the extracts thus given from my 
own experiments, and the comparison mitde between thera and 
those of Arago and Duloag, tfiat the results are not widely 

■ On compttrinfT this Tabic wilh Ihc experiments of Dnllon, Arago, and 
Dulong. it will be found Clut t^ie elMiie forep of the stenm is ralculated bj 
tboae pliiloHj^licta from li^mperaturea bdow the bojling-pomt of water, 
vherme Ibe above coiDmcncc^ nt 3[^ nbove tbut poiul, oT 243'^ of Kahren- 
heiE. For pnrticuLan, see Ap[JctiilijL. Nu. II. 
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different. On the uontrar}', tlicy approximate cloeely to each 
other ; and the tables themselves correspond so nearly to the 
truth, that we may safely recomiiieud th*!m for adoption in 
every caae where the t<*mperature, density, and volurae of steam 
hccome qiicationa oF consideration for the practical engineer*. 

In sjwaking of a \olume of stram, aa compared to the volume 
of water that produces it, we nmat bear in mind that it has 
heen ascertained that eteam generated under the pressure of 
the atmosphere (15 IbSn on the square inch) will occupy, in 
round numbers, 1700 timea that of the water from which it is 
generated, 

Parabour and otherG have ^ven foTmuJac for calcidating 
the volumes of steam raised from a unit of water at different 
pressures; Imt wishing to avoid theoretic deductions, wu sliidl 
content ourselves by showing in the annexed diagram the 
volume which steam at different pressures occupies in relation 
to ita vohnne of water. 

In this cuniparison I have eudcuvonred to trace the relative 
bulk or vohune of the atoms of steam to their corresijouding 
volumes of water; and on looking over the diagram, it will be 
observed that the aitym^ of water, when thus expfinded by heat, 
harmonize in consecutive order with their respective pressures ; 
and that each atom of water, when converted into steam, will 
wcupy the particular space lo which its volonie is entitlc^d by 
the expansive force of heat. This beautiful law of natxire gives 
us the use and the control of an clastic force, which, if dircctL-d 
with prudence, may yet confer beucHts uuheard-of in the jia^t 
history of physical science. 

Wo have already stated tliat Pambour, in his discussions on 
the relative volume of steam and the pressure at espial tempera- 
tures, remarks, " that if the volume of ary weight lif gas ur uf 
steam be made to vary without changing its temperature, the 
elastic force of the gas will vary in the inverse ratio of the 
vohimc it is made to occupy : " or, in other words, agiim 

* I hnvc taken titi; n-lhtive volumo of ^tcam, na comtiorcd to that of vrtter, 
froEii the reiearches of BojJt, Objt-Lusbbc, Ara^, &o. 
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(]uotiDg from his 'Practical TrcfitUc." "that, according to this 
law, if a given weight, of an elastic fliiit! hv compressed to half 
its primitive voluiae, without ehmigiiig its leiu|jerMture, the 
clastic force of that fluid will become double. But it is plain 
that this effect cannot take place io the stcani in contact with 
the Hqiiid, because it ia siippcjsed that diuing the change of 
pressure the temperature remains constant, whereas we have 
seen that in such a state the pressure always accompanies the 
temperature, and cicc vcrsti'' 

Now, ou this subject it has been shown that wc cannot 
increase the density of bwhes without increasing at the same 
time the temperature ; and this is strongly exemplified m some 
interesting experiments on densities with which I i\m at present 
engaged. It appears to he a muvtrsal law, that any increase 
of pressure is followed by its relative increase of temperature. 
and that wc cannot with impunity attempt to force the atoms 
or molecules of bodies iuto closer contact witlioiit on equivalent 
increase of temperature. ITiis appears to be a llxed and de- 
termined principle of nature, which I have found amply verified 
lip to a pressure of 6000 atmospheres or 90,000 lbs. on the 
s(|i;are inch- These curious and exceedingly interesting ex- 
periments arc far from being completed, and it would probably 
he ill-timed to trouble you with them at present ; 1 may, how- 
ever, observe that M. de Panibour notices sonic properties in 
ihc effects of steam discovered by the celebrated chemist M. 
Gaj-Lussac, which to some extent bear upon the questions of 
ttuipeniturc and pressure. They are as follows : — " That if the 
tcmperatiu-e ol' a f^iveu weight of an elastic fluid be made to 
Tsry» its tension being maintained at the same degree, it will 
receive nngmenltilions of volume exactly proportional to the 
augmeulation of temperature, and according to the latest 
cspcrimenta. for each degree of the Centigrade thermometer the 
increase of volume will be '003(30 of the volume wliich the 
simie weight of fluid occupies at the temperature aero/' 

Iledneing the Ci.'iiligrad<i tlienuometer to tluit of Fahrenheit, 
He ahoidd then have for each augmentation of V of temperature 
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an increase of '00203 of the volume occupied by the llmd at 
tilt teiiijR'rature of Ibe foregoiug point, or 32^. Tliis law does 
not however apply to steam iu contact with the water, as the 
density in this case invarinbly incrcoaca with the temperntiirc, 
and y?Vf ua^sd, as we have already demonstrated by the exptri- 
liieiils referred to. 



3. Off //;e LawM which govern the MecJwmcal Avtion of SfeaWf 
Loss of TemperaU/rc, ^'c. 

There exists a difference of opinion on this point amongst 
philosophers, particularly as regards the properties of steam in 
contact ivith the water in the boiler. It is well known that 
steam, when evaporated from water under the pressiin.- of the 
atmosphere, never exeeeds a temperature of 212'^ Falu,, and 
that whatever quantity of heat be added to the water, it never 
rises above that temperature. I may again observe, that atl 
the heat given out hy tlie fiimace to the water mu&t be 
absorbed by the steam, and must remain in it in a latent state, 
which is evidently tbc case, as the additional increments of 
heat have no effect on the thermometer, and only become per- 
ceptible when the steam is condensed, that is, by depriving it 
of its latent heat, Panibour considers the latent heat of steam 
to be such as to maintain the particles of water in the degree 
of sepai'ation suitable to the new state of the elastic fluid, and 
to become absorbed by the steam in a manner similar to that 
in which it ia absorljcd by the water in passing irom the stale 
of ice to that of litjue fact ion. 

It 19 however important to know the changes and modifica- 
tions Et^am may undergo when separated from the watcr^ and 
conveyed, as is uhuoat invariably the case, from the boiler to 
the euf^ine, where its meclianieal effeet is tested by the force 
with wliieh it impinges upon the piston of that highly important 
and useful machine. 

NoWj ns the latent heat of sfe-am has something to do with 
this process, I am sure you will pju'don me if 7 endeavour to 
give you as clear a conception as possible of what we hove Lo 
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giitird against in tlic escape of heat under circiimstaticca where 
loss of dtnsitj aud temp era hire is the result. 

The transport or conveyance of stoaiu to acy distance ia 
invariably attended with loss from the escape or radiation of 
heat from the pipes by which the stenm is conducted in its 
passuge to the engine, or to the spot where it liaa to he used^ 
either as an element of motive power, or for the purposes of 
heating, boilmg, &c. Deprived of a portion of its cdoiic, it 
then hceomes steam of a differpnt clcstTiption to whnt it was 
when in contact with the liquid in the Ijoiler, and where it was 
receiving constant supplies of heat from the furnace. Once 
admitted irto the pipea, that contact with the fluid, ao essential 
to the uiaintfiiance of its tcnipt;niture and densily, no longer 
exists; and unless we are very careful, a considerable portion 
of its lieat and prcssiire will inevitably escape. This is a 
i|nestion of deep importance to every one engaged in the 
generation and application of steam^ and I cannot sufficiently 
impress upon the min<is of the operative as well as the pro- 
fessional engineer, the necessity which exists for instituting a 
carefid inspection into all circuniataiices connected with the 
clothing of pipes and boilers, to prevent the escape or dis- 
engagement of that subtle fluid, heat. Under all t^ircuuistanccs, 
we should therefore pay special attention to the retention of 
heat, whether latent or otherwise, in the steam, by carefully 
dothing the exterior surfaces of pipes and boilers exposed to tho 
atmosphere. 

Havbig thus far (hrected your attention to the various con- 
ditions of water in the solid, fluid nnd gaseous states, it now 
only remains for mo to trespass upon your time a httlc longer, 
whilst 1 endeavour to show in what manner the steam thus 
generated and thus couvtyed can best be employed to produce 
mechanical effect, with the greatest economy in all the varied 
forms of its application. 

In the preceduig observations I have urged upon you the 
necessity of using every precaution to preserve the heat (whether 
latent or active} in the steam, and in its transport to the locality 
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of appli (nation. Heat ia one of tlioae insidious agents that is 
constantly on the watch to make its escape. It resists everv 
attempt to place it under control, and it not unfreqiientlv 
happens tlmt the strongest iron plates m\(] hars are insiitficienl 
to retain it within bounds, and to K^siat the foree uiul irii]>*-- 
tiioaity of its attack. Id fact, it is one of those irresistible 
agents, when nllicd to the vapoiir of water, thnt gathers stren^h 
by confinement, aiul, like all utlier girat |KJWcrs. it is cither 
useful or destructive, according to its tbree; and if we desire 
to moke it useful and turn it to tlie beneficent pvu^ses of 
nature, and apply its powers to the wanta of nian, we must 
give it rnoiii to citpnnd aiid contract ; and this we must do by 
confining it withiu fiueh iron bounds as will render it tractable 
under the varied fonns and conditions in which it may he 
employed. Under those restr^nts, it will serve you with a 
fidelity ineoQiparably superior to either of its eoostitueuts, — fire 
and water,— taken singly. 

1 have expressed myself in tliis familiar manner in order to 
bring the subject piomiiiently before you, and to show ibat in 
the exercise of an cconomicnl distribution of steam as a motive 
power, wc should be most careful to maintain the union of the 
heat and the water Jis it passf^s from tlie boiler, jmd dnriug the 
period of its action on the organization of a machine, like the 
steam-engine, so well calculated to distribute its force and over- 
come any resiatance to which it may be applied. We look in 
vain for any other ngt'ncy tu effect tliis prodigious amount of 
labour. Such behig the case, I am persuaded that in this 
address I do not ask too much, if 1 simply require from you 
the exercise of a judicious and careful supervision. Retiiia 
what you have got, prcser%'e your steam, and, ia military par- 
lance, " Keep your powder dry." These are the retiuiremcnta 
which you arc called upon ea operative engineers to meet, and 1 
make no doubt you will fiithfully luid honestly perform yourduty. 

To produce a maximum mechanical effect with a minimum 
quantity of stetim, two things are essential ; first, the prevention 
of the esca|)e of heat in its transmission from the boiler to llie 
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engine; and, secondly, the working of the steam cxpanaivcly 
when jo» gt;t it there. A grejit deiil liiis l>fen said ijf siir- 
cliarged fttpam, or st€Rm thnt is rc-hcaled in its passnge from 
the boiler lo the engine, Now. on this important subject I am 
probably not so well versod as I could wisli ; but I liave entlta- 
voured to discuss it in the previous Lecture, aiid it yet remninB 
to be seen whether the conclusions I have arrived at be Rucli os 
are borne out by the facts- In order, however, to retain the 
lient and prevent nny diminution of temperature in the steam, 
I have on Beveral occasions suspended the sleain-pipos in the 
heated flues as they pass from the boiler to the engine» and 
tliis plan I can say is not only cconomicaL 1ml it prevents 
coudeusrttioii, and conveys to the engine what is technically 
called anhydrous or dry steam. It is fui'thcr desii'able to make 
use of the surplus heat for increasing the temperature of the 
ffnter from the feed-pump, by enclosing those f»i[>ea ulso in the 
flues, or by exposing u series of jjipes to tlie action of the heated 
cuTTCiita as they pass from the boiler to the chimney, a method 
already applied, and that successfully, by an apparatus con- 
structed by Mr. Smith of lluddersfielti. 

The espanfiive action of steam is a tjuestion of such vast 
importance, and so well known, oa to require no very Icngth- 
nied description in this place i suffice it to ohsenc, that the 
subject has attracted the attention of some of our ablest en- 
gineers, and it is now generaUj aeknowledgEsd that a very con- 
aderablc savmg is effected by this system, independently of 
H-hat is accomplished Ijy the improved methods reeonunended 
for the generation and maintenance of the temperature and the 
"iciisity of the steam in the boiler, and in its passage to the 
engine- To effect tliis process with increased economy, we must 
use steara of high pressure ; and moreover, we nmst apply it 
with a sound discretion, not only as a principle of economy as 
itgarda the consumption of steam, but also as a measure of 
Safely as regards the strength of the boiler and the different 
organic parts of the engine e\[wjsed to the Jictiou of the steam, 

A great variety of ingenious coutrivonccB liavc been adopted 
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to effect tliese objects -, of tLeae we may mention Woolf s system 
of the double cylinder, the "cut off" principle in tlie single 
cylinder, and otlicr methods which have been more or leas 
auccessful. 

All tbese contrivances, however, teud to the same result ; and 
whatever tlio mechanical arrangement may be, the ultimate ten- 
dency is to economize fuel, by the application of a highly elastic 
force upon the piston of the reoprocating engine in the first 
instance; and having overcome the vis iuerfid^ of the load» lo 
give the impetus of motion immediately as the piaton passes 
from a state of rest to a state of motion at the retom of the 
stroke. In this way the communication between the boiler and 
the cylinder is cut off at the required point, and the further 
motion of the piston is continued by the force of the eipandiug^^ 
steam to the end of the stroke, MM 

In this way the confitant reciprocating motion of the engme 
ia continued, and that with greatly increased economy in the 
use of the steam- Hut on this question I shall tnter more at 
large in the next Lecture. j 

I could have wished to dilate upon this subject to a much i 
greater extent, but 1 have already occupied so much of your 
time as lo render any further attempts at illuslratiou perhaps 
out of place, I have therefore, in concluBion, to ask you 
to reflect upon the matter I have laid before you -, and I trust I 
am not too sanguine in entertiiiuing a hope that I have im- 
pressed you with my own conviction, that the diffusion of 
sound principles and enlarged views in practical science will 
not only be useful to ourselves in the pursuit of our acpanitc 
avoL-ations, but advantageous to cvei^' class in the eommuiiitio 
of which nations arc composed. 
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Ie/ore entering upon the immediate subject of this and the 
succeeding Lecture, I trust I may be permitted briefly to allude 
to the new theory of heat which for the last ten years has 
received the attention uf some of the most dislinguiahed philo- 
sophers and men of science of the present day. In my attempts 
to render the received opinions of the nature and properties of 
steam aa coiiipreJieiisive as poaaibie, I purposely omitted any 
notice of thia new theory, wliieh for many years haa been look- 
ed upon as an hypothesis yet to be proved; it has, however, 
through the experimental researches of my friend Mr. Joule and 
others, taken ita atand aa a recognized priociple in acience ; this 
principle, aa now understood, bearing directly upon the varied 
conditions of water in its solid, fluid, and gaseous state, cannot 
he otherwise than inlcrealing to the philosopher as well as to the 
practical engineer. Viewing it in thia light, it may not be in- 
tppropriate to give you aome accoiml of its rise and progress ; 
13 well as to direct your attention to the prospects which 
present themselves for its future development in the progressive 
advancement of mechanical sciencc. 

The theory that heat is not a ponderable substance, has been 
supported by some of the most distinguished men of science of 
EUicient aa well as of modern times j but it was reserved for 
Ml, Joule to prove by experiment, the definite evolution of heat 
by the expenditure of mechanical force ; and he not only deter- 
mined the conversion of heat and mechanical effect, but he 
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asccrtmned the proportion whicli tliey bear to each other in CBse^ 
of niutiml conversLoti, -I 

In his paper " On the Heat evolved during the Electrolysis o9| 
Water*' (ace Manchester Memoirs, vol. vii. New Seriea), ha 
observes, thjit "tlie iiiagnetle electrical machine enables us torn 
convert mechanical power into heat, by means of tbe electric^ 
ciirrents which arc indnccd by it," a proposition experiiocntallyH 
demonstrated in n paper read before the British Association in ' 
the year lS43j in which he also proves, vice versff, that the 
mechanical power of the electro-magnetic engine is obtained at 
the expense of the hent due to the chemical relictions taldng 
place. In this and subsequent papers he points ont that 
friction consists in the conversion of mechanical force into heat. 
Subsequently, in a memoir communicated to the Royal Society, 
he shows that the heat evolved by the compression of air is the 
equivalent of the meeiiauical force used in the compression, 
and, vice versa, that the heat abstracted by the expansion of air 
on the removal of pressure is the equivalent of the mechanirAl 
forct; required to produce the re*|uisite displacement of the 
atmosphere i also that when air ia allowed to expand nnthouL 
evolving work, no change of tempcratm^ occurs except the veij 
minute one, anticipated and experimentally demonstrated bj 
Professor Thomson, owing to tlie imperfection of air as an 
clastic fluid. In concluding this paper^ he remarks, — "Tkt 
principles 1 have adopted lead to a theory of the steam-engine 
very different from the one genemlly received, but nt the same 
time much more accordant with facts. From them we may 
infer, that the steam, while expanding in the cylinder, loses hefll 
in quantity exactly proportional to the mechanical force which 
it commuuicules by meuus of the pistou ; and that on tlic con* 
dcnsation of the steam, the heat thus converted into power i^ 
Twt given back- Supposing no loss of heat by radiation, &c<, 
the theory here advanced demands that the heat given out in 
the condenser shall be It^s than that communicated to the 
boiler from the furnace, in esact proportion to the cquivdlt-nt 
of mecliauical power developed." 
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These views of Mr, Joule have since been confirmed by 
successive cxpcrimcDta undertaken by himaclf, Rcgnoult, Thorn- 
eon, and others ■ and the dynamical theory has been developed 
hj the labours of Mayer, Helraholtz, Gkusius, Raukine, aad 
especirilly of Thomson, whose profound investigations entitle 
him to a principal share of the merit of estctbhshing the new 
theory. 

These authorities are agreed upon the immaterial nature of 
heat ; and nothing can be more intereating than the exactitude 
and carR with which Mr. Joule has pursued his experimental 
researches on this very interesting and important subject. 

In stating the conclusions at which he arrived as to the pro- 
perties of heat, and its cifccts on the particles of matter, he 
says, that the results from those experijnents were, that heat 
and mechanical power were convertible into one another; and 
it became therefore evident that heat is either the vis viva of 
ponderable particles, or a state of attraction or repulsion capable 
of generating viff viva. 

These data were of great importance in Ehowing, " that when- 
ever a current of electricity ia generated by a magneto-electrical 
mai^hine, the (juantity of he^t evolved by that current hiis a con- 
stant relation to the power required to turn the machine ; and 
on the other hand, that whenever an engine ^ worked by a 
voltaic battery, the power developed is at the expense of the 
calorific power of the battery for a given consumption of ainc; 
the mechanical effect produced having a fixed relation to the 
heat lost in the voltaic circle." 

Again, it became important to ascertain the exact equivalent of 
heat, and this was sought for in the heat generated by the friction 
of fluids. In these experiments, Mr, Joule found, — first, that 
thp expenditure of a certain amount of mechanical power in the 
agitation of a given fluid, uniformly produced a certain fixed 
quantity of heat ; and secondly, that the quantity of heat evolved 
in the friction of fluids was entirely uniniluenccd by the nature 
of the liquid employed ; for water, od, and mercury (fluids 
to diverse from one another as could be well selected) gave 
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sensibly the same result, via, that the quantity of heat capable 
of raising the temperature of a pound of water 1°, is equjil to 
the mechanical power developed by a weight of 770 lbs. tsinoe 
ascertained to be 772 lbs,) falling through one perpendicular 
foot/' 

From these extracts, it will be aeen that Mr. Joule has de- 
inonstratedj not only the production of heat by the friction of 
the particles of varioua siihstauces, but he has determineii ei- 
perimeutally the mechanical effectj and fixed the relative propor- 
tions which they bear to each other, namely, that so much heat 
as is sufficient to raise the temperature, of one jjound of water 
1° of Fahrenheit, is sutfieient to raise a weight of oi^e pnimd to 
a height of 772 feet. This is called Joule*s "equivalent" a 
discoveij of vast importance to science, and one that may lead 
to important results and extensive improvements in the appli- 
cation of heat to steam and other elastic fluids. 

I ought to apologize for this long digression, but the bearii^ 

of this new theory in connexion with its application to steam and 

force, must be its own apology, as it leads to consideration* of 

great importance relating to future improvements in the appli- 

cation of steam and other elastic fluids. Mr. Joule's mechanical 

equivalent of heat gives us the masimum work which a unit of 

caloric will perform : now our verj' best steam-engines do not 

perform more than oue-tifth of Ihia work ; hence wc arc led 1^ 

conclude that these engines still admit of considerable imp^tff^ 

ment. Already much is being done in this way by the nX 

of steam of high temperature, as well as by the emplomffli 

of auper-hcated steam : and it would argue a very contractetl 

yiew of mechanical progress to assert, that we have alreoiJj 

attained a inaxiiumu result, when, in fact, there is probably n" 

masimum as regards human progress. We are always leara- 

ing; and the constant developments and discoveries in natural 

science are sufRcient proofs of the advautnges that have jel 

to be attained in the pursuit of knowledge, and more particu- 

Urly that kind of knowledge which has for its object the 

opening of the page of nature for the instnictlon of the hum^ 
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intellect. These remarks, which have reference to future im- 

provementa and progress in practical acience, have not been 
altogether lost sight of; ils the air-engines of Stirling and 
Ericfion, and the combined Eteum- and ether-engine of Trembley, 
abundantly testify in attempts made by practical men to avail 
themselves of the law of the convertibility of heat into mecha- 
nical force. The first two failed, not £rom the principle of using 
air successivply heated^ expanded, and cooled and compressed ; 
but from practical difficulties in the retention of the heated 
currents^ and the high temperature to which the material of the 
recdvera and the working parts of the engine were subjected. 
The same observationa will apply to almost every descxiption of 
air-engine ; but that of Trembley is widely ditfere.nt, as be 
works hia steam at a coinjiaratively low temperature, and 
ether, which evaporates at a Biill lower temperature, can pro- 
duce no injurious effects upon the organic parts of the engine 
or cylinders. 

The most successful application that has yet heiiu made of 
the new theory of the convcraion of heat into mechanical effect, 
is probably the engine of Siemen. This engine, which is de- 
lated the Regenerative Engine, deserves more than a pass- 
notice. It is constructed on nearly the same principle as 
Stirling and Ericson's air-engine; but instead of using heated 
air according to the laws of Maiiotte and Gay-Lussnc, he uses 
saturated steam upon the same principle, or in other words, 
upon the principle of the respirator or regenerator ; whereiUj 
by the peculiar construction of the cylinders and vessels of the 
engine, the steam travels (if I n^ay use the eipressinn) in a 
circle, taking up and giving out heat as it flows out of one 
cylinder into another. 

In Mi\ Sienien's engine there are three cyhnHers, two of 
ihera with plungers, and one with a piston of the usual con- 
struction. Under each of the plunger cyUnders, is a fire which 
raises the steam as it enters from the steam-cylinder to a tem- 
perature of 550° to GOO" of Fahrenheit, Piu^ of this htat is 
lost in mechanical effect, or work done, a& it acts upon the 
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plungers by expaBsioD ; Emd the remainder of the heat, or the 
greater portion of it, is extracted or taken up by the respirator 
or regeuerator as it passes to the sti^jii-cyhiidefj where the 
additional mechanical force is effected at a reduced temjieralure 
in the ordinary way upon the piston of the strain-cylinder. In 
this way tlie steam is worked ovtfr and over attain, constantly 
receiving and parting with its heatj and thus, by a continued 
series of convertibilities of ascendbg and deaecnding tempera- 
tures, the work in foot-pounds, as it is called, is produced. It 
wiU not be necessary, in this brief notice, to go further into 
the details of the enpne or its construction j suffice it to observp, 
that it perforins a very satisfactorj' duty, and although far from 
perfect, the results of repeated trials and teats show that there 
is a saving (eis stated by Mr. Siijoien) of at least one-half of t 
fuel used by the ordinary steam-engintj io performmg the 
quantity of work. * 

Amongst otiier improvements of the present day, there 
rtjmaina ihe sleam- and ether-engine of Mr. Trenibley, whicli, 
from its novelty and superior economy of fuel, ia well cntitld 
to consideration. Tliis engine consists of a steam-engine of tbc 
ordiDary construction, witb a tubiJar con- p- ] J 

denaerofthc annexed sectional form. These 
tubes ore fixed in a steam-tight case, and 
instead of water surrounding the tubes for 
the purpose of condensation, ether or chloro- 
form is substituted. , Now, as either of these 
fiuida boils at a temperature for below that of water, the effect 
is, that the tubes, in place of being used as a condenser, beGOiai^| 
by the heated eurreiils of tie exhaiwt steam wLicL flows (rod" 
the engine, the generator of the vapour of ether up as high as 
10 lbs, on the square inch. The steam in this emu [jorts wilh 
its heat to the ether, and by these means is condensed nearlj Ui 
the temperature of the vapour of ether so formed, The vapour 
or steam of ether or chloroform, thus produced, gives motion to 
the piston of a second and connected cylinder^ a 
forces combined comprise the power and economy 
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and ether-engine, lither, as well as chlorofonn, being expen- 
sivt;, it becomes abaoliiteiy uecesaary to usl it in perfectly tight 
vessels; and the greatest economy must be observed m order 
to prevent injurious effects as regards the health of the altcnd- 
antfi, as wpU as the saving of the matcmi. 

Several of iLose engiiit^s are now at wort lutlieFri^oeh Navy, 
as I am iuformod with good results, by which a coDsiderabLc 
aaving of fuel b effected. The only danger apprehended, is 
the loss sustained in the condensation of the vapour, and the 
riitk of pumping it over and over again in a continuous stream 
from the condenser to the generator. 

After all, it becomes a question well entitled to consideration, 
whether the simple element of steam frooi water is, or is not^ 
the best for obtaining the most aotisfaetory djuamie effect. All 
these forces, and the economy of their appUcatiou are within 
the steam itself; and we have only, in my opinion, to render 
the heal which is latent in any given volume sensible, to effect 
a grcGtly increased economy ; and at the same time, by render- 
ing tiie expansive action of steam sufficiently extended, we may 
then look forward to a close approximation of what may be con- 
sidered (horclicalf^ a perfect engine. 

Having glanced at the important discoveries which of late 
years have burst upon na from the csperinientH of Joule, 
Thomson, Regnault, and also from the various schemes and 
projects which have been brought forward in connexion with 
theories formerly unsupported by physical truth, hut now clearly 
established by eitperhuental facts and researches which 1 have 
brought before you in as concise a form as the importance of the 
subject would admit, — and as all these arc more or less connected 
with steam or some other elastic fiuid of great force, — our next 
considerutioo will Ije to im|uire into ihe atrentjlh and form of 
vesseh calcfflafedh retain^ m(h su/ety, steam of high dwstic force i 
and in the pursuit of this inquiry we shall have to treat, — 

1. Of the material used in the construction of boilers ; and 

2. Of the distribution of the material and form best calculated 
to ensure the masunum of strength. 
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Our attempts at new discoveries and improvements of steam 
at incretLSed density and presaiare would bf o{ no avail, unless 
the generators and receivers were made of pro|TOrtiouate strengtb 
and security. To these points, in the remainder of this and the 
fincceeding Lecture, I shall therefore direct your careful atleit- 
tion. In th(j two lectures which I gave to the Yorksbire 
Mechanics' Institution in 1S51, 1 went carefolly into the subject 
of the strength of the material used» the best forms, and the 
soundest priiieiple upon which the material composing a boil*^r 
shoidd be united in order to attain a maximum power of 
resistance, I did not, however, ahow in sufticient tietaJ ho^^ 
this could be accomplished, nor did 1 point out other measia^^ 
of economy and safety which in the discussion of this subject 
appear to be absolutely necessary in order to arrive at sound 
practical results. These omissions I now propose to supply; 
and before entering upon the consideration of the qnestiou, we 
shall briefly review the various improvements and conditions of 
boiler constructions from the earhcsl period of the steum-eagine 
up to the present time. 

lu speaking of vessels calculated to raise steam, as a rafllf^r 
of eouise I mean boilers whatever may be their form, or At 
object for vfhich they are intended -, and we shall therefore ia 
the considerations we have to offer, view them as such, 
that in accordance with the above division or classificatioa. 




1. Of ike maienQl vsed in const jvction. 
Until the days of Savery, Newcomen, and Watt, it nmy witli 
perfect safety be asserted that the vessels used for boiling— «e 
cannot call it steaming — were composed of a great variety of 
material, such as copper, earthenware, and other substaiiC-ea 
calculated to resist the action of tire, nnd to fuse at a temjifra- 
tore considerably above that of boiling water. At an cariii-r 
period of our history, when the Marquis of Worcester first 
attempted the use of steam ea a motive power, the philosophera 
and scientific men of that day had very imperfect ideas of steam 
or its properties, oa now understood. Dr, Papiu, it is t 
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discovered a method of dissolving bones and other animal solids 
in water by confining them in close vessels, which he called 
"Digesters;" but it was reserved for Dr^ Hooke, in 1686, to 
discover that water could not be made to acquire above a 
certain temperature in the open air, and that as soon as it 
begins to boil, its temperature remains fixed, and an increase 
of heat only produces a more violent ebullition and a more 
rapid evaporation. Papin's experiments at a later date, how- 
ever, made the elbistic force of steam in confined vessels more 
familiar; and Captain Savery, availing himself of this dis- 
covery, very adroitly applied that power, combined with con- 
densation, to an engine for raitifing water, wliich he revealed to 
the wo^ in a book published in 1696, entitled "The Miners 
tYiend," 

Captain Savery 's steam-boiler, fig, 3. Pig- 2. 

pro)>ably the first that was made, was 
composed of copper, of the annexed A 
form, and riveted together with rivets ^ 
of the same malarial. Copper, although 
a better conductor of heat than iron, M/f//// 
was, however, found to be an expensive 
material for the construction of bodcrs ; 
and it is not improbable, that before 
Newcomen'fl improvements eame into 
use, iron plates were employed in boiler 
constniction. Cast iron was also used about tim time, but it 
was not until the great superiority in the strength of malleable 
iron plates became more generally known, that the cost-iion 
coQstrnctions were discontinued. 

Cast iron has now become obsolete, but copper maintains its 
place, particularly in situations such as the fire-boxes of locomo- 
tive boilers, where its application is preferable to that of iron. 
Mr. Watt almost from the tirst made use of wrought iron in the 
fiDQstniction of his boilers: I believe they were at first made 
fike those of Savery, Newcbmen, and Bcighton. of the haycock 
shape, but the fertile genius of Watt soon discovered that the 
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loDgitudiual or waggon-shape, as shown in fig. 3, was preferable 
to those designed and used by Newcoracn and Bcightoa. 

Fig. 3. 




It ia probable that Watt did not, in the midst of ms man] 
discoveries, pay so much attention to the strength as to llit 
form of the boiler. In fact he had taken every precaution 
prevent Occident by his self-feeding and self-acting apparatus in 
relieving the pressure by the initial force of the steam, to over- 
come the resiatauce of a column of water^ whenever its force 
exceeded the pressure at which the boiler waa calculated to 
work ; and this seldom or never exceeded 7 or 8 lbs. per sfjuare 
inch above that of the atmosphere. Homblower, Woolf, mi 
others, who employed steam at a higher pressure, had 
alter the shape of their boilers, and adopt the cylindrical foi 
with or without iuternal flues; similar m fact to those so long 
used in Cornwall and other districts, where steam of great 
density and pressure was employed. 

In this inquiry it may, however, be necessary to lay befc 
you the relative strength of the different material of whi 
boilers are composed, and subsequently to show how it may 
beat be appUcd with economy and effect. 

This is a consideration of considerable importance to ev( 
engineer ; and in order to arrive at a juat conception as respects 
the quohty of the material, it may be desirable, first, to ascer- 
tain the nature of the straina to which, in these const met ions, 
the material is exposed ; and secondly, to determine how it shouli 
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be [iluced or distributed in order to arrive at the niaxinmm 
power of rcsiBtoncG. 

Now, in boilers having internal fluea or tubes, there are two 
\inds of strain (o wliit^h they are subjected ; namely, one having 
a tendency to tear or rip up the outer shell by tension, and the 
other to crush or collapse the internal flues or tubes by comprea- 
aion. These two forces are continually in operation when the 
boiler is at work, and what we have to Jo in these considera- 
tions, is to calculate not only the kind of material to be 
employed in its power of resistance to those strains, but we 
should endeavour to platx it in such form and positiouas would 
enable it to do so with a maximum effect. Wrought iron and 
copper plates arc much better calculated to resist a tensile strain 
than cast iron, as may be seen b^m the following numbers, 
which represent tlie relfttive strengths or jiowera of resistance of 
each, per square incli, to tension and compression : — 



T^ raudnr [jovitr of 


TcDiiiMi ib Uiiu^ 

. .., 23 , .. 


CoAipiTHUn IB tmm 
V2 


Cotmcr .. » 






Cut iron 




51 



Prom this, will at once be perceived the great difference which 
exists between the resistance of the different metals, to a tensile 
and a compressive strain. In wrought iron it is as 23 to 12 ; 
in copper as 16 to -3; and in cast iron oa ti fc 51. Now in these 
varied conditioiia of resistance of the different metals, it is of 
incalculable benefit that we should know which of them is the 
most eligible, and which to employ in our varied constnictiona, 
and that more particularly when the nature of the strain is con- 
sidered. 

To employ the right description of material is as essential 
aa to employ knowledge and skill in eouod construction. If, 
for example, we were to place cast iron in a position where its 
powers are to be tested by tenaiou, and wrought iron or copper 
where its powers are to be subjected to compression, it would 
be a gross error of judgment; for we know that wrought iron 
will sustain three or four times more force in its resistance to 
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direct cohesion than cast iron ; and on the other hand, it would 
be equally urroneoua if we were lo employ wrought iron or 
copper to resist couipression, when we know tlmt cast iron will 
resist that force from 4 to 16 times better than either of tlieni. 

Now all this knowledge is tnily useful, as it applies with 
considerable force to the rules of direct practice, and that 
more particularly in the construction of vessels operate*! ufx>n 
by two distinct foreea, which, if left imcootrolled, would 
prove sufficiently powerful lo break through all bounds of 
restraint. 

In submitting these facts to your consideration, I have not 
entered upon tbe question of elongation by tension or of con- 
traction of bulk by compression. These arc facts not only 
curious and interesting in themselves, but more or less pecidinr 
to the behaviour of different kinds of materiab under strain. 
We must, however, leave them for the present, and with tlcse 
observations proceed to show in what forni, and in what way* 
this material — irun (us now generally used) — shudd be distri- 
buted in order to attain the greatest possible strength with the 
minimum quantity of material. 

2. On the distribution of the viaterial and fonti beet calculaM 
fo misure the maa^mum of strength. 

These are considerations in everv kind of structure which 
fihould never be lost sight of ; they arc the very essence 
of constructive science; and he is only a blunderer who 
neither possesaea the skill nor the knowledge' to turn them to 
accomit. 

It is Ime. that in the employment of a single homogeneous 
material these desiderata cannot always be obtained; but it la 
nevertheless our duty to consult the exact sciences as to 
how we should eiercise those powers in order to meet the 
opposing forces equably and with uniform powers of resistance 
on all sides. It is this discrimination which constitutes the 
difference between a man versed in practical science, and one 
who follows no rule but his own imperfect conceptions, which 
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lead to error ; or gives up his judgment to others, and dtiscenda 
to the position of a mere copyist. 

I hfiTC already shown what was the atflte of our knowledge, 
nnd what were the forms of vessels containing steam, in the 
early stuges of the history of the steam-engine; and I now come 
to explain to you the vcrious forma and conditions in which 
these vessels have been construrted from tliat [jeriod up to the 
present time ; and in order to accomplish this object in a satis- 
factory manner, I shall treat the matter somewhat historically 
in the first instance, and then I shall urge ufjon your attention 
the necessity of adhering to those experirneiital facts, or rather 
to those unerring laws, which nature prescribes for our guidance 
an<l which never fail to lead to sound residts. 

The discoveries of Watt, — who made the steam-engine what 
it now is, — who effected condensation in a separate vessel, and 
who added to the force of the steam a pressure nearly equal to 
that of the atmosphere, — are on record for our guidance, 'flieae 
discoveries rendered steam of high density at tliat time unnecea- 
sarj", when the forces required could be obtained without risk 
or danger of rupture to the generator or boUer containing the 
steam ; and although this system of wnrking at comparatively 
low pressure continued for many years, it was neverthelesa 
accompanied with considerable cost, when compared with iho 
cost of working steam of greater density and pressure such as 
is now in use. Indeed, the wants and necessitiea of the public 
were not so great at that time; but as the operations of mines 
and manufactories advanced, they gradually created new de- 
mands ; and as increased power was required, it was found that 
the increase of pressure was the most direct and the easiest way 
of obtaining it. It was also founds that in pumping from deep 
mines where large masses of matter such as pumps and pump 
rods bad to reciprocate and to be moved from a stntc of rest to 
a state ot motion, high steam, worked expansively^ was the 
cheapest and most effective mode of overcoming the "vis 
iiiertiEe" of the mass, and of giving the first impidse to the 
resistance of the load. It was this consideration which first 
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induced tJie Coruisli miners to work with high steflm, and hence 
followed the necessity of employing boilers of improvcLl form 
and of greater strength. It mtist be borne in mind, that, before 
the use of high atcam, the calculation of strength wua not 
a subject of an much iraportmice as fomi, and this did not 
escape the far-seeing and consummate skill of Waft, His boiler 
(the waggon-shape) had reference to a large heating surface, 
and those parts, such as the sides and ends, that were liable to 
bulge outwat'ds, were held together by iron stay-roda tnuis- 
verselj and longitudinally attached to the sides and ends. ITiis 
fonn is, however, very objectionoblo for high-pressure atcam ; 
and although it kept its ground for more than half a century, 
it had nevertheless at last to give way to a stranger form and 
a much better system of construction. 

The low-pros3uru condcnsing-engine of Watt was uiiiveraally 
in use from the beginning of this century up to nearly 
the present time. On the eoiiliuent and iji Cornwall, when- 
fuel was expensive, the question of economy and effect wa* 
freely and energetically discussed, and at an early period of the 
history of the ateani-eiigine the system of liigh steam, worked 
expansively, was not lost sight of. Woolf^a plan of the double 
cylinder, and Mr. Watt and Mr. Murdoch's system ofobtaioing 
the same results by cutting off the steam in the single cyhiider, 
was in mining operations found highly advantageous. Both 
methods were adopted in the mining districts; but in the flcnt 
of the manufflctoriea there was less inducement to change, and 
it is only within a period of ten or twelve years, owiug to the 
increase of manufactures and the corresponding increase in the 
price of coal, that the saving conse(]Uent upon the use of high 
steam was appreciated. In America and the- continent of Europe, 
things were tbflerent; aud in order to save the expense uf fuel 
at a high rate of cost, the system of Woolf uith high and low 
pressure cylinders was adopted, and that with a sai'ing in some 
cases amounting to upwards of SO per cent. These savings 
were of great value, and notwithstanding the increased risk of 
failure in the boilers, thi£ circumstance did not deU^x the pro- 
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prielors of steam-engines from availing themselves of the advan- 
tages which this improved syetem of working high steam evi- 
dently presented, 

I remember, many years ago, when urging upon the public 
the ndvautagea nf wo^kiI^g high steam expansively, that 1 was 
mvt by an outcry of danger, bursting boilers, &c. ; and many 
went so far as to maintain that there was no saving in the hlgh- 
prei^sTire system. To meet these assertions, 1 published, at 
different limes, the views I putertuined ujion the subject ; and 
in these publications, I endeavoured to prove by actual calcida- 
tion that there was not only a very considerable saving in the 
consumption of fuel effected, hut a great increase of power waa 
obtained. 

It is tnic, that objections were taken agniust the single engine 
working expansively on the score of irrcgiJarity of motion ; and 
it is eciimUy true, that the double-cylinder engine is preferable 
in that respect ; but it is a mistake to suppose that any saving 
of fuel ia accomplished by the double-cylinder engine over tlinl 
of the single one. when the t\vo are worked at the same rat« of 
eipoBsion and the same pressure of steam. All the difference 
is, that a want of uniformity is observable in the single engine, 
owing to the sudden reduction of the pressure when the 
steajn is eut off^ whereas that of the double cylirder ex- 
pands more gradually, and thus effects a greater degree of 
luiiforraity of action upon the piston. These irregularities in 
the single engine are however of much less importance than 
most persons iniaginej as ihe evil is easily remedied by increa- 
sing the weight of the fly-wheel, or what is the same thing, by 
increasing the velocity of the engine till such time as the fly- 
wheel aapiires the ascendant over the changes of pressure upon 
the piston, or when the irregularities of the stroke become 
nentrtdixed by velocity in place of weight. When two engines 
are worked together at right angles, these discrepancies dis- 
appear, and the engines under such circumstances may be 
worked with perfect safety through the whole range of expan- 
sive action. It is for these reasons, and a strong desire to 
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introduce Bimplicity iulo every mechanical construction, that* 
advocate the single engine. It is leas expensive, ef|uallj 
efficac.ioiiB, and iii every respect equully, if not more economical, 
than that of a mochine of greater complexity of construction. ^M 

With all these facts before us, and taking into considcratirt^ 
the superior economy of liigh ateaTn, trorAeri Ctrpamivelj^, it is 
quite evident, that in uU future constructions, either of boilers 
or engines, we must look forward to the use of a greatly m- 
crcased, instead of a reduced pressure of steam. Indeed, I am 
BO thurnugbly convinced of t lie advantages inseparaLle from iJiis 
apphcation, as to urge upon you the necessity of preparing for 
greatJy increased progress, aud greatly increased pressure in all 
the requirements, appliance and economics of steam as a motive 
power It must uppear obvious to every reflexjlirg mind, that 
steam generated imdcr pressure, and compressed into one-fifth 
or one-sixth the space that it formerly occupied, end that again 
applied to an engine of little more than one-third the bulk, 
must be a desideratum in the appliance of an agent so powerful, 
and BO extensively used. Look at our locomotives of the present 
day, and tell me whether we are, or are not successfully pro- 
gressing in effecting a closer aUiance between the two si»tei | 
Bciences of mechanics and physics; and tell me whether or not ' 
the community ia not secured equally well from risk, and greatly 
benefited by the change ? Let us ealculale, for example, the 
duty performed, and the force applied to one of our largest class ' 
of locomotivG engines travelling with a train at the rate of 45 
miles an hour, and we shall find the amount of power given out 
to exceed that of 700 horses, or es much as woqM he n?quireJ 
to drive the maehmery in some of our largest factories. And 
why not work our factories upon this principle? and why net 
propel our largest ships by engines of this description ? There 
ia no reason why it should not be done, and that with greutij 
increased economy, by introducing a welKdh-ected system of 
condensation along with that of highly attenuated steam, 

I give yon these impressions from a conviction of their utility; 
and I am pernuaded the time is not far distant when this will 
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be accomplishc^d to a much greater extent than inaj n1 prcsi^nt 
he considered possible or safe ; and the time U fast approacli- 
ing, when we shall lessen our space and double our power 
with greatly increased economy and eflccl. 

How very t-sseiitial is it, therefore, that we uhoLild look for- 
ward, and make the requisite prepor^&tioQs for these require- 
ments ! and the more effectually to meet them, let us ace how 
we are to unite and distribute our niHteriiil, so as to eii&ure 
safety in retaining for use such a powerful and active agent as 
that which we have described, and moreover^ which wc shall 
assuredly have to deal mth. at no very distant period, at greatly 
increased density and [Wiwer, 

I Iiave already demonstrated, in a former communication, 
that the cyhudrical ia the moat eh^ble and the strongest 
form in which we can pbice the material, such as iron plates 
to resist internal pressun? j and I have further showm that 
we must make considerable reductions in the strength of the 
material, on account of the riveted joints and the position which 
the plates may have in relation to the respective janefions of the 
parts. 

The reduction or loss of strength in this alone is about 30 
per cent- for the double riveted joints, and 4 1 per cent, for the 
single riveted joint; the strengths (calling the plates 100) 
being in the ratio of 100:70 and 50. In our calculations of 
nltiniate strengths, we must therefore make these allowances in 
order to arrive af correct results". 

Afi reepet^tfl form, it has abeady been proved that the 
cjliudricjil and hemispherical (or those forms by which nature is 
gorenied in all lier constructiona relative to pressure) arc the 
Ileal; and it will be necessary only to observ^e what has already 
been forcibly urged upon your attention, namely to avoid, under 
r^rtam conditions, flat siu'fnces, and to adopt the spherical or 

' In ■ previoiu investigation, I found that 34,000 Lbi, to the square inch 
*i» the idtimHti; strength of boilers liaving their joiula LroHa<^J and aoundly 
'i^etcd. On further inquiry, 1 eee no reaaoTi to change thU L»pjmaiL, u it Iiog 
^n fully coufirmed by sub^cqueDt e\perienre. 
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cylindrical rorms wherever and under whatever conditions they 
are admissible, 

Tliis canaotj however, at all times be accomplished; and that 
flat surfaces should be made to resist severe presaure, is not tin- 
frequently an essential point in coustniction. Now these flal 
surfaces are not so very objectionable on the score of strength 
as they appear to be at first sight. On the contrary, they are, 
when properly stayed, the strongest part of the construction ; 
and this I have proved by direct cx[jeririieEt, the results oF 
which I will take the liberty to quote for your information, as 
given in a paper read before the British Association for the 
Advanceruent of Science. With respect to the locomotive 
boiler, it is observed tliat *' the stat«;mcnts containt-d in the 
earlier part of this paper regarding the strength of the stays of 
the fire-box would have been incomplete if we had not put those 
parts cf a locomative boQcr, comprised in the flat surfaces or 
sides of a fire-box, to the lest of experiment. This was done 
with more than usual care; and in order to attain conclusive 
results, two thin boxes, each 22 inches square and 3 inches deep, 
were constructed ; the one corresponding in every respect to the 
aides of the fire-box, distance of the stays, &c., the same aa those 
which composed the exploded boiler ; and the other formed of 
the same thickucss of plates, but different in the mode of staying, 
which in place of being in squares of 5 inches asunder, as those 
contained in the boiler which burst, were inserted in squares trf 
4 inches asunder. In fact, they were formed after the manner 
shown in the annexed sketches (figs. 4 and 5), — the first con- 
taining IG squares of 25 inches area, representing the exploded 
boiler, or old construction; and the other, with 25 square.* of 
IG inches area, representing the new coustniction. 
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" To the flat hoxes thus constructed, the same lever, valve, and 
weif;lit were attached as used in the previous experiments; and 
having applied the pumpa of an hydraulic press, the following 
results were obtaiued : — 
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"Table HI. 

■* Ea^ffimGnt Is^.— To dotcnuioii the ultimate Strength of the 
Flat Surfaces of Locomotive Boilers when divided into squares 
of 25 inches area*. 
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"Rkmarkh. — ^jpffimni/ \o. 4. TTie box reprm*ntit]g h |*fntJofi of the flst not 
fiu* of the Biile uf the fire'hoi of a lurum olive holler wm rcinjwsed of a roppa 
plutc, on onp mtlc Imlf in inrli lliii^t, mil nn irun phite od the orlier tliree-eijrhlhi 
oF BD inrli thirk. being ihe uimp in c'very Trajifwl u rhe Ixiiltr whifh e^splojlei^ ud 
anonliDj^ to ttit dimi^niiicins txhihitcil ia the clrawingA. fig. 4, 

■' EirpifriTnait No. 20, ilurst by dtawiog flic bead cf one of the atiTi through ibtr 
copper, frbich from its ductdjty offered leis reiiitauce to preoure m tnat pwn *bef* 
the stay niu mterted, 

"The above experiments are at once conclueive as to tbe 
superior strength of the flat surfaces of a locomotive fire-box. la 
compared vrith the top or even the cylindrical part of the boiler; 
but taking the next experiment, where the slays are clcstr 
together, or where the areaa of the spaces are only 16 instead 
of 25 square ioches, we have an enormous rcBisting powcrj a 
force much greater than anything that can piissihly be nttairieJ, 
however good the construelion, in any other part of the boiler. 

• Thete and the following Tftblee are taken from Appendix, No. IL in oidf^ 
to co&bk the louder to cooaolt them with greater foGllity. 
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*' Table IV. 
'* Eirperiment 2nd. — To dcfcrniinc the ultimate Strength of tbe 
Flat Surfaces of Locoiuotive IJoikra when divitlt^d u\io amiarta 
of 16 inches &rcB. 
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"Rruahkh. — Exp^mnt No. 4. The flat bus on which these eiperiiBciila were 
mule \ira (he Bume thirknesa cif iilnten na thai expcriraetiterl upon it: the prerpiling 
Tifalp, TIT. oup ftiili'of rrjp]>tr hulfaii inrh Ihirl-, uid the otlin'of iron ihreu-eighTiliK 
thick. The oQ]y liificreuee brlHten Lbe tvku is llie {listaDcr uF ihe sLayi. tlie firat 
bem^ ill squar^ji ur25 mfXits Htea. Bnd iLe other ljl squares of 1(> mches urea. 

'^ Ejj?^rtrnr^t No. '26- ytttm 995 to 1295 Ibi-, the ivvrllmg or biil^ on the lide 

*' Erptrtmmt No. 47' FikilL-d by ooc of the 4tnyfl ilruwinp through the iron }ilBte 
after vuvtAmiiijc the presaurc upwards of \ ^ minute. 

" Ie the ahove exijerimeBts, it will be observed that the 
wealcest part of the box waa not in the copper, but in the iron 
plates, which gave way by strippiug or tearing asunder the 
threads or screws in part of the iron plate at tlie end of the 
stay marked a, fig. 5. 

" The mathematical theory would lead us to espeet that the 
strength of the plates would be inversely as the aurfacea between 
the stays \ but a eomparlson of the rtisults of these experiments 
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shows that the streogth decreases in a higher ratio than the 
increase of space between the slays^ Thus, accordiug to the 
mQthciuatical theory^ we should have — 

Ult. strength 2nd plate per sq. in.^strength lat plateXyl 

=81BxU=1273Ibs, 
Now this plate sustained 1625 Ihs. per square mcb, showiug 
an excess of about one-fourth above that indicated by the law. 

" This is an excess of the force required to strip the screw of 
a stay -J-Jths of an iucli in diameter, sueh as those which formed 
the support of the flat surfaces in the exploded boiler, 

" It will ho found that a close analogy exists throughout the 
whole experimcTita, as respects the strengths of the stnys when 
screwed into the plates, whether of copper or iron ; and that 
the riveting of the ends of the stays adds to theix retain- 
ing powers an increased strength of nearly 14 per cent, to 
that which the simple screw affords. The difference between 
a fire-box stay when simply screwed into the plate and when 
riveted at the ends is therefore in the ratio of 100 ; 76, nearly 
the same as shown by experiment in the Appendix, 

" It is desirable that we shoidd determine, by mathematical in- 
vestigation, the strain exerted on each stay or bolt of the fire-boi. 

" Let A, B, C, D, E, F represent the ends of the bolts or stays : 
0|, O3, Oa, 0^ the centres of the squares formed by the lwlt&- 
Suppose a pressure to be applied at each of 
the points 0,, 0,, Og, O^ equal to the whole 
pressure on each of the squares, then the 
central bolt A will sustain one-fourth of the 
pressure applied at Oj, also one-fourth of 
the prcsaore apphed at 0^, and 30 on i so q 'q 
that the whole pressure on A will be equal ^ ^ 
to the pressure applied to one of the square surfaces. 
we have — 

Strak on the sUy of Table III.=51^''^^ 



X 

O 



HO 



I> 
O 



01 



HeDff 



2240 



^9 tons. 



Strain on the stay of Table IV-^ 



1625x16 
2240 



= IU tons, 
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'* The slay in the latter case was f^tiis of an inch in diameter; 
hence the strain upon one square section would be about 13 
tons, which is considerably within the limits of rupture of 
wrought iron undtjr a tensile force*. 

'* In the cxpcriiucnts here referred to, it naiiBt bo borne in TDinil 
that they were made on plates and stays at a temperature not 
exceeding 50" of I^hrenheit ; and the question naturally occurs, 
as to what would be the difference of strength under the influ- 
ence of a greatly increased temperature in the water surroimd- 
ing the fire-lK)x, aufl that of the incandescent fuel acting U]xju 
the opposite surfoct of the plates, 

" This is a question not easily answered, as we have no experi- 
mental facta suificiently accurate to refer to; and the difference 
of teniiw^rature of tht fumaee on one side^ as compared with 
that of the water on the other, increases the difficulty, and 
renders any investigation exceedingly unsatisfactory. Judging, 
howeTcr, from practical experience and observation, 1 am inclined 
to think that the strengths of the metals are not much deteri- 
orated. My experiments on the effects of temperature on cast- 
ironf do not indicate much loss of strength up to a temperature 
of 600*^- AsauTiiing therefore that copper and wrought-iron 
plates follow the same law, and taking into account the rapid 
conducting powers of the former, we may reasonably conclude 
tbat the resisting powers of the plates and stays of locomotive 
boilers are not seriously affected hy tlm increased tenqierature 
to which they are subjected in a regular course of working. 
This part of the subject is, however, entitled to fiu-ther con- 
sideration ; and I trust that some of our able and intelligent 
superintendents will institute ftn-ther inquiries into a question 
which involves considerations of some importance to the public» 
as well as to the advancement of our knowledge in practical 
science," 

After these results, and the investigations given on a previous 



• For the remainder of Ihc ezperimenta, aea Appendii, No. 11. 
t Vide Trnnsflctiaim g( the Britisli Assucio-IJoii for die AdTuicement of 
Scicaccj vol. vi, p. 496^ 
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occasion on the form and strength of Boilers*, it will not 
be necessary to pursue this port of the subject further than 
to observe, that in every construction of vessel calculated ta 
generate steam of high elastic force, wc should preserve a large 
margin of strength as regards the working pressure and the 
ultimate pover of resistance. Sin times the working pressure 
is not too much to provide for contiDgences, and vessels so 
constructed are better calculated to avert danger &om explosion 
than those whose powers of resistance verge upon that of the 
bursting pressure. 

* Vid9 Lecturcfl on Boiler CoiutrucIiDii, given to tlie Voriuhire Union td 
Mecbimice^ lostitutet at Leeda in Majr 1651. 
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LECTURE X. 



ON STEAM AND STEAM BOILERS. 



When last I had the honour of atidressing y<y\}, it was upon the 
strength and form of veasela ciileuliited to hold steam of high 
elastic force, and in these inquiries I endeavoured to show the 
necessity of attending to two things : — 

1st. The njaterial, and 

End- Its dktrihution, and the form in which it should be 
apphed to effect the greatest power of resistance. 

In the consideration of these objects I had reference to vessels 
siibjected to internal pressure, having a tendency to force the 
vessel open, or to tear the parta asunder. This force or ten- 
dency to rupture from a tensde strain is probably the most com- 
mon to which boilers are subjected ; but we have other forces 
to guard againat, such as that which arisen from collapse, which, 
I rcgi'et to eay, has not in Bome constructions received that 
attention which the importance of the subject demands. 

It is well known to every person at all conversant with the 
construction of the steam-engine, that a very considerable pro- 
portion of our boilers have internal fluea, some of them of large 
diameter ; and these, being surrounded by water, are compressed 
in every direction with the same force as the steam which acts 
upon their amface. 

Now, it ia evident that an internal flue, such as we have 
described, unless it is made perfectly cylindrical, is liable to 
lose its ehape, and to become a flattened instead of on arched 
or cylindrical surface, Whenever this takes place, its power 
of resistance is very seriously reduced; and uulesa the utmost 
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cai*e and attention be observed, collapBe with all .its attendant 
calamities arc sure to be the result. 

The thickness of plates, the diameter oF the tubes, and the 
position as well as the form of the flues are all poiuts of cou- 
aideratioD ; but unfortunately wc have no precise data on wliich 
to estflbhsh fonnnla? for calculating the strengths of those parts ; 
and ill the present state of our knowledge we are left to guess 
at the strengths and the capabilities of sustaining resistance in 
those positions to which we have referred. It is more than 
probable that the sIreDgths will be for the same thickne^ of 
plates as the diameters ; but we are entirely at a Io93 to 
determine what diameter of flue and what thickness of plates 
may be ncccasory to give imiformity of atrcngth in every part 
of a boiler so coustriicted. lu the absence of these data, I must 
reserve the investigation of the question till I have an opportu- 
nity of establishing by actual experiment the Iowa of resistance 
to collapse under different forms of construction. As soon as 
those facts have been ascertained, we shall then be aide to eflect 
constructions on principles calculated to ensure uniformity of 
strength midcr the combined forces of tension and compression. 
In the meantitLit, I shall avail myself of a Table of strrnglhs 
showing the safe working-pressure and ultimate powers of 
resistance in boilers of different dimensions. 

This Table is computed from my own experiments on the 
strength of iron plates^ and is introduced to the public with the 
following obseiTations by Mr, Cowbum :^ 

"It has been found by actual experiment tlint good Enghsh 
foiled iron will bear a strain of 25 tons to the square inch, 
that is, a bar L inch square, or a plate of wrought iron con- 
taining I inch of sectional area, will require 25 tous, or 
5G,01)0 lbs., to wrendi it asunder ^ but Mr. Fairbairn states, 
that 'pUtes when riveted togetlier ore reduced in Btieugth 
from the fact that ne&rly one-third of the material is punched 
out for the reception of the rivcta/ and therefore be lakes 
M.OOO lbs. as equal to the strength of riveted plaU^ con- 
taining 1 inch of sectional area. The following Tables are 
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educed from the nssumption that 84,000 lbs. per square inch is 
the tensile reaistance of wrought iron plates. The Tables show 
at a glance what different diameters and thieknesses of plates 
ore required for a safe working pressure, viz. oue'sixth of their 
netual strength, when made of good material and workman ship- 
It should be observed, that the ends, if properly made and 
stayed, have only hsilf the pressure exerted upon them that the 
diameter has, so that they have only to resist one-twelfth oi" 
tlieir strength," 
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Having supphcd every kuo^vn fact in connexion with con- 
struction, we now proceed to the consideration uf otht^r nrciini- 
stauces elosely allied to tlitjse of seeurity and economy. In 
pursuing these inquiries, it will, however, be neeeftsary for us 
to follow the same consecutive system that we have adopted on 
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former occasions, that is, by dividing tbe subject into aectiot>a 
lis follows : — 

L Ou tLe proportion, at relative value of the surfiices of the 
furnace to the absorbent aurfftcea os the recipients of lieat. 

2. On the safety-valves and other adjuncts calculated to cii- 
suTb safety, 

3. Oq high-pressure steam worked expansively. 

4. On management. 



4 



1. On (he proportioji, or relative value of the sitrfaaes of He 
furnace to Iks absorbent ettrfacss as tAe recipients of /teat. 

1 have to observe that, on this queation, there ia great 
diversity of opinion, jus much deptrnds upon the (piality of the 
fuel used, and the rate at which it is consunied. Wc have at 
present no fixed rule for finding the proper proportion of the 
surface of the grat^-bara to that of the boiler exposed to thte 
action of heat, Ou these points a series of well-con dnctett 
experiments are much wanted, in order to determine not only 
the relative proportions, liiit also to ascertain the quantities of 
heat absorhed by the surfaces surrounding the furnace, and at 
different distances, as these surfaces recede from the immediate 
source of heat. On this subject we arc quite in the dark- 
Kvcry man on these points is hia own doctor, and the wildest 
theories are consequently promulgated for the good of the public, 
and as some would have it^ for the advancement of science. 

It is now some years aincc I made au attempt to rcctiiy these 
discrepancies; hut I met with so many diiferent forms, and 
such widely different proportions, as almost induced me to 
abandon the inquirj' as a hopeless task. 

I however persevered ; and taking the mean of fifteen boilera 
CKamintdj I fouud that the ratio of grate-bar eiyface to that of 
the boiler surface should be asj 1 to 11 ue^y. This ratio 
varied Irom 1 to 9 up to I to 13, the mean being, as befi>re 
observed, aa 1 for the grate-bar surfiitv to 11 for the recipit'ut 
surface. This investigation took place thirteen or fourteen vear* 
ago, before the introduction of the tubular system of liodcis. 
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On coniptLring the atationary, multi-tubu^ir, marine and loco- 
motive boilers, we find the following ratios of furnace to nh- 
sorhenl fiurface : — 

Stationary boiler as 1 i 11 

Multi-tubular atntioiiary boiler . . 1 ; 22 
Marinp tubular boiler , . . . - 1 : 20 

Locomotive tubular boiler, mean of 
twelve sorts of engines 
These proportions, although differing from those in use by 
ftome engiueer&, may however be takeu as approximately corre(^t» 
I and £ueh as appeal; to be generally m dsg for obtaining the bcRt 
results. 

I do uot, however, give these proportions aa conclusive ; ou 
the contrary, I entertain doubts of their accuracy, as the ratios 
are founded upon no fixed law, but taken from crude observa- 
tions; they can only be considered as the mean results of 
general practice, which have yet to lie confiruitd by uctual 
experiment. On this (]uestion we must therefore not be led 
astray with the impreasiou that the multi-tubular is cither the 
best or the most econoniicEd in a commercial point of view. It 
may, or it may not he so ; I mntend for it mure upon the principle 
of diffusion and a saving of space, than on any other property 
it tnfiy po33C33 over the flue boiler i and for this simple reason, 
that we find a mufti-tubular stationary boiler, ^4 feet long and 
7 feet diameter, generate as much steam as a fiue boiler of one- 
fourth greater capacity. It presents nearly double the absorbent 
surface, but it does not from that cause follow that less fuel is 
cwnsiuned- Several coiupettinf jijdges contend that the expen- 
dilure is greater, and amongst them, — no mean authority, — is 
Mr- C. Wye Williams, who maintains, that so fur as regards 
general efficiency, the Hue system is capable of supplying all 
tkat is required, while it is free from the anoraaiiea incidental 
lo the nmlti-tubular plan. He stales that ** when large quanti- 
ties of steam are required for larger engines, this can be best 
<]Ua]ned, not by additional tiers of tubes, but by extending the 
*n5aa and length of mo, thus increasing the number of units of 
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Hm^f disiaTice, and surface along which the heat transmitting; 
influence may be exerted/' To prove this, Mr. Williama gives 
an csampic in the original boilers built for the Great \^' catem 
Steamer, liaving been replaced by others on llie niiilti -tubular 
principle; and although the relative proportions of the heating 
surfaces were as 3S60 to 7150 square feet^ the former was the 
better and niore efficient of the two. 

Now, the only way to remove these doubts and differenwa, 
and to clear the question of oil ambiguity, is to appeal to expe- 
riment. 

Tliis, T hopcj shortly to be able to dccomplish, either by the 
aid of the Royal Society, or by that of the Aesociation now so 
happily formed at Manchester for the prcveutioo of boiler ex- 
plosions. 

In addition to the relative areas of fire-bar heating surfaces, 
we must bear in mind, that the proportions just given arc those 
which appear to effect the nearest approach to a maximum duty 
under conditions widely different Irom each other as regards 
the space occupied, and the principle upon which the steam is 
generated and maintained. 

Time is an clement which cmmot be neglected in the com* 
bustion of a certain quantitj' of fuel, and hence we have three 
different processes in operation which require attentive con- 
sideration, and these three are, slow^ active, and what I shall 
take the liberty of calling i^ciled combustion, Now, the first 
of these is practised upon a large scale in Cornwall, where the 
draught is kept down by the damper, and the heated currents 
make two or three circuits of the boiler at a slow rate ; and this 
affords time for the absorption of the heat during its passage to 
the chimney. 

In the second, there are two kinds, the moderate and the 
active ; the first of these apply to stationary Imilers use*! in 
manufactories, and the second to those afloat, as used in 
steamers and ships of war. In stationarj' boilers, we have eiery 
description of treatment, in all its gradations from slow to active 
combustion, and ibis arises from one of two causes, or bom both. 
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The first is want of space, and tlie second want of money or 
mcliaation to expend additional sums in the construction of 
new hollers, IVhen this is the I'jise, active combustion is the 
only alternative^ and that is sometinies carried on with such 
determined energy as to caiiae an enormous waste of fuel ; 
equally expensive as respects wear and tear, and productive of 
that intolerable nuisance so loudly complained of, — ititwk^. 

ITie marine boiler admits of no alternative on the score of 
combustion : it must be active, gs the reduction of space is 
always a desideratum on board of ship. Much, however, may be 
done even in these contracted forms to ecoaomise fuel by in- 
creasing the areas of the recipient surfaces as much as possible ; 
and tills is best accomplished by the tubular system, and a wide 
diffusion of the increments of heat as they pass from the furnace 
through the tubes, and thence to the water in the boilefp 

Tk^ Imt^ — ea^a/fd co/}tdti.ition, — applies almost cscluaively to 
the locoEuotive engine; and here we shall have to enter upou a 
brief explanation. 

The locomotive boiler is nearly identical in its principle of 
construction to that of the raulti-tubular. It is, however, widely 
different as respects the process of combustion ; as in one ease 
the fire is supplied with o?tygen by the rarefied column, or 
draught of the chimney ; whilst in the other the fire b excited 
with much greater intensify by the blast of steam which passes 
from the cylinders at greiit velocity into the cliimBey. Tliis 
steam> in its escape to the atmosphere up the funnel, operates 
upon the smoke-box behind, and through the tubes to the 
furnace, like a pump, and hence follow the rapid currents of 
cold air which blow up the furnace, and ^phich never bil to bo 
present when the engine is in motion. 

The great beauty of this system therefore is, that " the faster 
Bhe goes, the border she blows f and the fact is, that an engine 
of this description at a high speed has all the properties of a 
l»]ow-pipe engaged in cxcithig and in maintaining an intensity 
of beat in the fumacB almost sufficient to melt the hardest 
metals^ This concentration of the currents upon, and through 
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the burning fuel, produces a wlnlu heat, which would eooik 
destroy the fire-ljox, but fnr the great difference which exists 
between the temperature of llie box sod the water in the boiler, 
which seldom or never exceeds 400°, wherens that of the furnace 
is probably as high as from 1500° to 2000". From this priu- 
ciple of combustion, it h evident that an intense heal is 
generated in a coraporativcly small place in a very short period 
of time ; and hence follows the necessity of having the furnace 
as well as all the recipient surfaces of lieiit made of copper, as 
all the tubes should be made of fiotue similar materia] ha\iDg 
high conducting powers for the IransmiHsion of heat. 

The absorbent material should also be as thin as possible, ia 
order to save time in the transmission of heat, and to effect n 
rapid evaporation from the water contained in the boiler. The 
difference, therefore, between tho working of the locomotive 
and all other descriptions of lx)i!ers is, that- time, although an 
element in both processes, is of much greater importance in tlie 
one case than in the other, for the locomotive engine boiler will 
raise aa much steam in one hour aa a stationary or marine 
engine boiler will raise in hventy-four hours. To render this a 
little more explicit, let us esamino the subject attentively, ooJ 
endeavour to account for the difference which cxista between two 
processes wliic^h to a casual observer apjiear to be nearly identicH). 
It is tnie, there is little or no difference to be seen between 
the one process and llie otiier. Stationary boilers have fumacfs 
and flues (tubes, if you like), and bo has the other , but uutrk 
the difference between the stationary and the locomotive boiler: 
when the same amount of stenm has to be generated, and the 
same force produced, the latter will generate steam in almost n 
twentieth part of the time that the other would require to pro- 
duce the same quantity. This is done with a furnace ha\Tng oj 
15 square feet of fire-bar, and is found to he sufficient to sap| 
ateam for an engine working at the rate of 700 horse-powc 
wliereas it wdl require no less than 300 square feet of hre-bor sur- 
face to produce the same force in the stationary boiler, the ratio 
of the surface of fire-bar to that of the boiler being as 1 to 20- 
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Such is the difference which exists between llie two eystenis ; 
and it appears to me to be a subject of such deep interest, as 
to require careful investigation in reFerence to tlie advantage 
wliich we rioj' reasonably hope ta attain from a pruiciple 
only partially developed, and which may in future applica- 
tions become serviceable to the pubUc. When we bave more 
exactly deterniitied the laws of heal in relation to the generation 
of steam, the practical application of these laws will, I doubt 
not, do much for the improvement of the stationaiy aud marine 
engines as well as for the locomotive engine. 

2. On Safetg-Vahes and other Adjftnct» calculated to emure 

Safety. 

This is a subject which for many years has engaged the 
attention of a great number of persons. U has, like the smoke 
question, brought forwai'd a vast number of projects i many of 
them an.' eixcee (Singly ingenious, but none of them have attained 
such a degree of perfection, as t« render the working of the 
safety-valve aelf-aclirg and free from risk. To go through the 
whole of the devices and suggestions which have come before 
the public, would l>e a task bevord the object of this address, 
and such as I shall not attempt to inflict upon you at present. 
Suffice it to observe, that I have collected together aorae of the 
best and moat useful of them ; hot as they are already well 
known, it will be unnecessary to describe them in this place. 

Independent of the safety-valves, there are other appendages 
equally essential to security, and to the generative powers of the 
boiler, — these are the Feed apparnfm. Now, in these appliances 
ffe have nearly the same variety existing as in the safety-valves : 
each has its separate advocate , and since the introduction of 
rhe high-pressiue system, we may safely calculate upon nearly 
twenty different ways of feeding the boiler. 

During the dnya of Watt the boilers were worked and fed by 
pumps whicli supplied a cistern at a height of 10 or L3 feet 
ftbove the boiler \ and the height of this cistern, or the column 
of water, was the measure of the pressure of steam within the 
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boiler, On the present system, a column of water coiild not be 
uaed Willi convenience, as a working- pressure of from 50 to 
60 lbs. on the square itich would raise it to a height of 100 feet 
or upwards, and aueh a column would not only be inconvenienl, 
but would prove troublesome bj its fluctuations, causing aii 
luinecesaarj aurcliarge of water in the boiler when the pressure 
was lowered, and a limited supply when the sleani exceeded the 
fixed degree of working prcBsiu"c- Under the circumstances, 
the only alternative left is the employment of a powerful pump, 
calculated to overcome the resistance of the steam, aud la 
regulate the supply of the water in auch quantities by the ad- 
mission-valve, as will cover the flues and maintain the water fit 
a fixed and uriii'onn height. This is accomplished in a varielj 
of forms: some use a float acting upon the valve, and working 
tluxjugh a stuffing-boK ; and others, simply a screw which 
regulates the hft of the valve, and increases the su]>ply ^ t|jc 
water rises or falls in the boiler. Other useful ap]>eiKlages ati' 
attached to high-pressure boilers, such as the glass water gaa|;iT. 
index float, steam and water signals, alarm signals, and other 
indicators of the state of the water in the boiler. The whole of 
these are not absolutely necessary, but they can do no hariD* if 
kept clean and in working ordcr. 

3- On Utiflt-pTBHSure Stemn vxtrked aa^anrnve!^. 

The workmg of ete&m etpansively is one of the moat im- 
portant subjects to which the engineer can direct his attentioo, 
It involves considerations for inquiry into the elementary laffs 
of our present practice, aud it leads to a wide field of invesligs- 
tion relative to the varied forma and conditions of nny future 
improvement which we may be called upon to adopt. 

The difference which exists between high and low steam is, 
according to our preseat ideas, the measure of its elasticity and 
temperature when taken at the extremes at which it is worked* 
viz., from 10 to 150 lbs. on the square inch. When the steam 
impinges upon tlie piston at 10 lbs, on the square inch, it 
gcaerally follows up the supply and pressure coutinuousif 
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throughout the whole leng;th of the stroke, or nearly so; but 
wheo ateaiD of increased density is used, say 50 lbs- npon the 
square inch, then instead of allowing the ateam to aot with a 
constant pressure ibroughoul the whole of the stroke, the com- 
municatioij wit)i the boiler is, at sunie particular point of the 
stroke, suddenly intercepted, and the steam, thus cut off, ia left 
to perform the rcmoiiiing portion of the stroke by its elastic 
force. In this case, the steam dilates or expands as the piston 
moves forward, and consequently acts with a eoustaatly dueren- 
sing pressure upon the piston, until it arrives at the end of the 
stroke. This is technicaily called '* working steam expansively." 

Let us now examine thp subject more minutely, and endea- 
vour to ascertain the relative values of the two systems of high 
and low Btcam. It will be found, that in working high-prcsaure 
ffteam expansively, the advantage ifl greatly in favour of that 
process, as compared with the non -expansive principle. 

If we take a cylinder, such aa is shown in the anuosed 
diagram, of any given diameter^ say 6 feet long, and divide 
it into five equal parts, as retjresented by the 
lines CD, E F, GH, we shall then have the 
different equidistant positions of the piston as 
it ascends from the bottom to the top of the 
cylinder. Let us now suppose the spa^-e ABCD 
to be fiUed with steam from the boiler at a 
pressure of 40 lbs- upon the square inch, and 
that with ibis force, the piston is moved from 
AB to CD, a distance of 1 foot. Now it is ob- 
vious, if we cut off or interrupt the flow of steam 
at this point, that the next foot of the stroke, that is, (nun 
CD to EF, will doable the space occupied bj the steam; and 
there being no further supply from the boiler, the steam will 
have to expand itself into double its original volume, and its 
pressure by this dilatation wiU be reduced from 40 to 20 lbs, 
on the square inch. The piston having arrived at KF, with the 
farce thus reduced to 20 lbs. on the square inch, it again movcn 
forward another foot, that is to GH, where the original space 
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or^upied by the strain bfiOinies enlarged three times, with jl 
proportioimtc decrease of pressure in the steam, that is, with a 
pressure of one-third of 40 lbs., or ISjlba. acting upon the 
piston, and so on to the other points of the stroke. The pres- 
sure of tfat? steam at the successive equidistant intervals of the 
stroke will be as follows; 40 lbs., SOibfl., 13^ lbs., 10 lbs., and 
8 IbSn These prcasurca, derived from the law of Marriotte, are 
no doubt slightly in excess, inasmuch aa the vapour suffers a 
loss of temperature upon expansion. 

The deductions to be made for this loss of heat ond loss of 
pressure in the process of working can be ascertained by the 
mdicafov, but' for otu" present purpose, it will be snJticient to 
assume that there is no Ic^s. 

In order to find the work performed by the steam in one 
stroke of the piston, we shall iirat find the mean pressures of the 
steam actuig through the sueeeasive intervals of the stroke ; and 
then from these mean pressureSj we ahall find the total mean 



prcasurc. 

PreHurt m tW 1st foot oTtbe struLc ^40 ]b& 

Mean preiiure m tbe 2ad foot of tb« itioke —^40 +SQ )=30 „ 

^th „ „ =iri34+io )=nt „ 

^ ft fitti M „ =i(10 + 8 )= 9 „ 

51107+ lb. 
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Tottl mean pressure,,. ^1^ Jl* 
.', The irorli in cme atroke^the morn preuiue X Uie^ tengtb oT Cbt itrokt 

Now, when the eteam acta uniformly throughout the fflole 
of the stroke, the work =40x5=200. But this work is doDe 
with 5 times the quantity of steam that is employed when 
acting expansively, therefore the work done by an eqiuJ quaii% 
of steam is the 5th of 300, or 40. Comparing the numbeni 
lO?^ and 40, we find that the steam used expansively perfoniw 
2^ times tbe work that it does when it ia used non-expansivrl)', 
or with a constant pressure* 

This simple metliod of calculating the work performed I)y tbf 
expanaton of the steam gives the result a little in excess. Tbf 



following method, dq>pnding upon Thomaa Simpson's nilc for 
^ding tiie area of irregular curved surlaceB, is raorp exact*. 

I Wprk Jone tipauiivelj =^{40+9+4 [2O+l0)+2xl34[=G6». 

^^^^^B Wvrli Jonc before Ehr Bteim ia cut olT=4nx 1=40. 

^^^^P ,-, The totAltrork m I >lroke=i;6S 4-4(1=1051, 

which rarrespoinii* very acwly with the work a« before fDuud- 

Id this calculation some iJ]o%\'ancc muat be made for the loss 
of heat, and conaetjueiitly the loss of pressure, during the process 

' of expansion, which may be ascertained by diagrams taken ironi 
the indicator. This loss of heat by expansion is much greater 
than is generally imagined, as we seldom find general practice 
to agree with dedueliona derived from theoretical calculations. 

In this abort Lecture, it will not be necessary to gi\e further 
examples. 1 have sufficiently demonstrated the advantages pccu- 

I liar to high pressure steam when worked expansively, and it now 
only remains for me to direct your attentioji to the closing part 
of the subject, which demands the most careful attention, as all 
our ioatructions and attempts at economy will prove biiitless 
unless they are supjjorted by a steady and efEcient course of 
management, 

4. On Mana^mnent. 

It has ever been the province of the philosopher and man of 
sdence to investigate and elaborate, for the good of mankind, 
fill those physical and mathematical truths, which bear upon 
the wants of civilized society and the development of those laws, 
which through a succession of ages have been handed down to 
us. These truths have been still further extended by the inven- 
tiona and discoveries of the mechanician and those men of 
practical science whose lives have been devoted to the pursuit. 
To the researches and labours of those benefactors of the human 
race, we are indebted for most of the comforts and enjoyments 

• Rule. — To the Bum of ihe cjctreme preaaureH (per equare inch) &dd four 
times the butd of the even preHimreH^ and two times the sum of the odd 
pTe»iuri^K ; then thU aum. JcuttLplled h^ one-third the dislAnce between the 
coDflccutiTe pointa at which the prcsaurcB oro taken, wiU gfi/c the work done 
(xpandvelj on I inch of the piaton in one stroke. 
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we now possess -. but these are of no avai] unless properly used, 
and carefully maoaged; and it is to the manflgement of one of 
these ingenious discoveries, — the safe and economic production 
of stcain, — that I would, in conclusion, direct your attention- 
To the coniliinetl discoveries anrl inventions of the inecliaiiic 
and man of science, we are indebted for the steam-engine; and 
it remains with the posseasor to detennine to what extent he 
will make it safe and ctficicnt; for in the mana^^f^tuent of so 
docile and so powerful an instnimeiit depends its securi^ as 
well as its effect. 

In the faithful dischai^o of lliia very important duty, many 
circumstances concur to render the uses and appliances of stearti- 
power proStable and secure; and I avail myscU" of this oppor- 
tunity, to enforce upon yoiu" consideration the following sug- 
gestions, which, if carried into effect, will doubtless secure to 
the owners the most important and satisfactory results. 

In the steam-engine the boiler is the source of all power, uj 
the quantity of work performed depends upon the quantity of 
water evaporated, and the quantity of fuel consumed. 

Its generative powers, and tin? way in which those poweis 
are used, are therefore matters of considerable importance; and 
those who would work with economy^ will require to attend to 
two things — the perfect combustion of the fuel on the one hand, 
and the transmission as well as the retention of heat on ttr 
other. In a well-managed concern, we never hear of safety- 
valves and feed-pumps being out of order; there is no tamper- 
ing with such vital organs of safety; everything is in its pUw, 
and the self-acting moveable parts of the apparatus, such as 
valves, stuffing-boxes, and bearings are kept in the moat pcrfrd 
order, well-oiled and cleaned, so as at all times to be ready and 
fit for service. In tbe steam-engine also the same regularitj 
and system of management are preserved, and the result ia,— i 
ponderous piece of machinery, working with a degree of pre- 
cision, at once the admiration of the emploj'er as it is the pride 
of the enginetr. 

I would have aU engines and machines kept clean and id 
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good ordcj": aud hence the advantage of our [Mjlishcd surfacea, 
and the mathcTiiatical eitaciittide vrith which the steam-engines 
of the present day are esecuted. 

But in these constructions, we have other advantages besides 
those of appciinmcc, or a dcairc to please the eye, A well- 
coostnicted machine, neatly executed, hfts a wonderful effect 
upon the miiid of its keeper. It only requires a few months to 
accustom him to habits of cleanliness and order, aud the time 
is probably not far diataul when we may look forward to 
that impoTtant class of men, better instructed and better cal- 
culated for the discharge of their various duties than we can 
hope for in the present state of our educational resources. In 
conclusion, permit me to aval] myself of the words of a distin- 
guished writer, who. speaking of the ateam-engine, says that — 
"/f w a thing shfpendottd alike for iU force and fieaiibiUt'^ ; for 
the prodigious poiot'r which it can exert, and fkff f^axe^ and pre- 
rifioTi, and d/irfUif^ with wliirk it caTi lit.' varietl, diiftriftided, and 
applied. The trunk of an elephant^ that can pick up a pin or 
rend an oak, is nothing to it. It can engrave a seal, and crush 
maitites of obduratv metal /He waiu btfore it; draw tnit^ wfitAoiit 
{freaking, a thread a^fne art gojtmme^r, and lift a ship of war like 
a ^aufjle in the air. It can embroider, and forge anchors, cat 
xteel into ribands, and impel loaded vee^eU against tke furg of 
(he ictnda and waven." It eau do all this aud more since the 
eulogium here quoted was pronounced ; and I look forward to 
the time, when atiU greater improvcnjenta will be etlected in 
the action of the steam-engine and the uae of steam. 
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APPENDIX I. 

An Experiments Inquiry into the Strength of Vrouffht-Iron 
Plates and their Riveted Joints as applied to Ship-building 
and Vessels exposed to severe strains"^ 

The eiperimeDta herein recorded were inatituted early in the apring of 
1838, and before the close of the following winter most of them had 
been completed; owing however to a long aeries of professional engage- 
ments they have stood over (with the exception of some additions made 
in the following year) to the present time. The object of the inquiry 
was twofold — first, to ascertain hy direct experiment the strength of 
WTonght-irOQ plates and their riveted joints in their application as mate- 
rials for ship-^building; and secondly, to determine their relative value 
when used as a substitute for wood. On these two points it cannot be 
expected that our knowledge should be far advanced, aa a very few years 
have elapsed since it was asserted that iron, from its high specific 
gravity, was not calculated for such a purpose, and that the greatest 
risk was likely to be incurred in attempting to construct vessels of what 
was then considered a doubtful material. Time has however proved the 
Ulacy of these views, and I hope, in the following experiments, to show 
that the iron ship, when'properly constructed, is not only more buoyant, 
but safer, and more durable than vessels built of the strongest English 
oak. 

At the commencement of the experiments I felt desirous of conducting 
them upon a scale of such magnitude as would supply sound practical 
data, and at the same time establish a series of results calculated to 
ensuK confidence as well as economy in the use of the material. My 
views were ably carried out by Mr. Hodgkinson, who conducted the expe- 

* FhiloH)phicaI Traaiactioai, Part 11. IB50, p. 6/7- 
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rimcntB under my direction, &nd from whom 1 received valuable aaaifitance- 

In conducting the investigitioii 1 found it nccesaaiy to divide the 
subject into four distinct parta : — 

lat. The aLreugth of plates whpn (orr asunder by a direct tcnalte 
strain in the direction of the Sbrc, and irben toru aannder Bcrosn it. 

2nclly. On the strength of ihe joints of plates when united by rivets 
BS compared with tbe platen themadvefi. 

3rd]y. On the resistance of plates to the force of compression, whethn 
applied by a dead weight or by impact- 

And lastly. On the strength and value of wrought-iron framea 
riba as applied to ahipa aud other vcaselB*^ 



PART L 



I framea ^i^ 



At the coEnmen cement of iron ship -building, in which I took an airdvc 
part, the absence of acknowledged facts relative to the strength Rtid 
varied conditions under which the material waa applied, wan the pnn' 
cipal reason which luducDd me to enter upon thiA inquiry. [ liavc 
extended the investigation into the beat methods of riveting, and tli( 
proportional atrpngrh of rivets, jointa, he, aa trorapared with the plate* 
&ni] i.he usi'S for wliieh they are intcndtd. The latter jh a jintetical flnd 
highly important inquiry, as great difl'erencc of opinion exists amangil 
engineers and others, bs to the form, strength and ptoportiona of riveti, 
and the joiuta of which they form an eaacntial port. 1 thercfure con- 
sidered an eiperimentai investigation much wanted, not only on account 
of itfl important practical bearing, but what wa^ iifobahly of equal lalui, 
in order to remove existing discrepancies and to establish a Boundff 
principle of couBtructioti founded upon the unerring basia of cxpenrncnt, 

* BcvcfRl importuit facts mtd impravemcDU in tlic eoailracticm of iron abipi luv< 
been ojKX^rliuaed sjl«; my eTLperiiQenls wtrt luiide, hut I a[Jt)refai:ac1 Dtint of tbm 
biivp iCDili'cl in the lenst degree to diminiih their vriue. Not havo fbey. Id Ihe b«t 
of luy Icnonlctlj^c, btea snpcrseiltd }>y oEberg of a more riAboraCc ot more cIkiH" 
ehancter. Il is true, that a series of iuttn^liu^ itid lEUjiortaai CAjrenmena bi'i' 
bm*r» marie Bt fhc mtf*nre of the AiJtuimlty on the elfect nf ^liot upon the min o^ 
iioD shipa. At some of tlicac cxperiirictit^ 1 had the honour to be prt«al, and ^rt- 
nexied 9ome curious aric) unc:ipFcted reiuLla. 

The &T9t seneB ii'a« coadurted ai the Aneiul, Wootwith, and ciibBequeatEy otiffi 
vrerc mudc ut PortKoioulh, Both were importtut na reipecta the effect of sJiotUf^ 
wmi^ht-iron ptaiea, Aith eidiir^d and diuuniEht^d eharj^nf poKder and ii ifilTflV*' 
vulooities, but diacoitraging aj re^^nnli tbo uie of iron in the eonstruction of fihipK^ 
war, Tbcsc cxpcrimGntAi boircTCr intcrt'Btin^ iu tbEmKlvesp Jo nol a'pi'^xv^ 
euncluaive i and it ia to be huixid tbat the appareiit (tiiuger, indimted by ihe uprf^ 
tnmti, mny yet be otereome, and tfae laperiority ai well u the ^renter necurin' 
the iron ship fuUy utabUihed. 
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From these conaldcratioDH I bestowed increased attentioa upon tlie lu- 
qoirr, and endeavoured to render it jiractically lucfuU Before detailing 
the eiperiments, it may be QGcea^j&ry to describe the apparatus by which 
the rcauJl:»!i ween obtaint^d. 

The anoeTed drawings, Plate T.^ represent a aide and end viecv of the 
apparatus iisii^d in thf fxperiinenta. The large lever A was made of 
oiallcabic iroo and w&& fixi^d to tbe iowcr croaa beam B (6g. Ij by a 
■trong bolt O, which passed through it at B, At the top end of this 
boll a preparation waa made to receive tbe end of the lever, and by 
means of the scrtw-nut at a, the lever A wa.s raised or lowered to suit 
the length of the plates to be experimented upon- Upon tbe top side of 
the bc&m, and under the gable wall of a building £vc fitorica hi^h, were 
plaeed two caal-iron columns, D, D, which retained tbe beam B in ita 
place and prevented it firom risbg when the lever was heavily loaded 
daring the etperlment. The frame E guided the end of the lever and 
the weight \y, and close to the fulcrum were placed two wooden 
atandardfti F F, on which were Jixed the cast-iron saddles receiving the 
croae bar G, frotm which the plates to be expenmented upon were sus- 
pended. These plates were nearly all of the *ame form as showD at H, 
and were made narrower in the middle to enaiire fracture in that part; 
the enda, as at 6, 6, had plates nvctcd to them on both eidca^ in order to 
strenglhcD them at thorjc parts when attached to the bolts and ahackle 
under strain. 

The specimens thus prepared were suspended hy the croas bolts i, i, 
and resting np<m the fttaudardu were torn asunder by weights suspended 
from tbe large beam, as exhibited ia the Plate, 

In addiLon lo the large weight W, a strong scale waa attached to the 
extreme end of the lever at I, for the purpose of increasing the weighta 
when required in thr larger descriplior of experiments, and hy the appli- 
cation of a p^r of blocks aud thi; wiutlluan K» tbe load waa removed, 
and the changes produced upon tbe platca were by these means carefully 
deternuncd. 

The followiDg data respecting the weight W, lever, abackle, &e., are 
takETi from the actual weights from which the ealeulationn are made: — 

W. Thr weight with itj! carriage - 2552 

A, Tbe weight of the beam 1070 

2 A. The weight oflhebeam 2140 

3 A, The weight flf the beajn 3210 

K. Shackle - 24 

4 K. Shackle 96 

6K. Shackle 144 

fl 2 
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Expa-imei'ts to tucertaiit the Strength of Plateji, 8^. 

la tlie folluwbg c:ipmmcDts all the plalca wcri' of uniform thicknw*, 
and of the forai exhibited in fip, 2 in the column of remark*; the rnJi 
had pltttea riveted to them on both sides to render them inflexible; dicj 
had holesj 0, 0, bnred through them jjcrptindicular to the plate, in order 
til ciinneet \t hy holts, ^ith the apparatus for tearing it aaunder in tbe 
part A B, which was made narrower than the rest. The centres of ll»( 
holes 0, were in a direct Hue through the middle between A. and B*. 



Tabls 1. StrcDgth of Pbtea.— Low iloor Yorkshire Lroo, 



Np, of 

fVfnla. 



Daptiplfiia of klUa 



D wra in ibe di- 
rection at the fibre. 

Area of iff-tittn 
in ihe mSddLe 
a-00x-M = ^in, 



Wright 
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S4.74; 



migitiu laid an. 



iflflx-ai 

Eedund' 
1-94x16 



BPHfemE 



34,74; 






iA A^M. or 75-77 tan ^ 
tqiart inch. 



Fig. S, Plan anil irc^n of Ibe pUia, tlic line 
AQ bcia^ ibAt of iLc fracturt* 

J?«iurjb. — All the yUia were laiuinatal u 
if formfd of ihipe or more pUlcs, tbe fiiEierMl 
ones being llimn'^r than ihr internal onr^'f'. 

In the lu[ cxperi[a(>nl there v.a& e cLi^imion 
hftwi!«n (he lamina which admillcil (be point of 
1 penkLniff . 
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Sunt irondnwn 
,UT40S tbc fibre- 
Atea of BC4^aii 



^3,m 
!24.3£5 
30.9^ 



Altcred- 
I'SHXSIS 



27,<m 



f7<(»W,or3;-49t«iiF; 
equve inch. 



Rtmarkt. — 'TEuj, it vill be leen, did tidl break tt the norrDweit pUo& 



* For the appearmee nf the fmcturea lee Plate II- 

t Nearly (he nbcle of the platei manufactured ia thia rauatry are bmiitiU^ 
owing to X\\'i laauiiur in which the ahiuglcA ate formed, by piling n Diunbr:! of ^ 
bMm one upon flnothiT, whieh an: made larger oi- smaller nreordinp u th? pIii? ■■? 
be rfqutreit heavier or lighter. 
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Table IL Strength of Plates, — Low Moor YorkBhire Iron. 



BKDtl- 






Sime iron u in 
Table 1-. dnvm 
■crtai the fibre. 

Are* of KCtJoD 



laid on to 
Ibi. 



£3^71 



riiidiU«E>f plalf timugh 
vflgbu laid on. 



Stretcbing. 

SI'S x-so 

S-35x^ 






9M15 



If HD bnaklnf wdfht 
islbi- 



UfiSi, m WH)37 too 
per iqutre iiwh. 



JCnar4v. — Tbe fona ud liie of ipedmen u before, fig. 9. 

In tbcK experiment h wai obtexred, u id No. 4. in the preceding Table, thai tbe 

ee 1^ mt brail at the Dimnrot part ; a ciicumitajice tbe more aaomatoui, ai there 
Dot appear to be anytbing in tbe apparatui to ean&e it. 



Same iroD, thicker 
platei, diavn io di- 
rection of fibre- 
Area of teetiun 

s^x-^e^fiSiD. 



97,099 
S5,9S3 



Thicknen'95 
l-06X'^4 



97,090 

25,993 



ra,5ll,oT9276tiiiupeT 
iquBiC inch' 



BrmtTih, — Very uniform in texture. 

The fracture of tbit ipeciiueD ihoved a great wut of regularitj ; about one'thini of 
tbe area bad the appearaiu.-e of iteeL All the other platei appeared to be uoifbriDf but 
laminaled, «i mentjoited before. 



The resolts obtained from tbe Low Moor platee in tbe preceding 
Tftbles give &ir iudicatLons of tbeir Btrength. It will be observed, on 
comparing the meaD of the breaking weights in this case with the expe- 
rimenta of Brown and Telford, that there is a very Blight difference 
between the strength of plates and bar iron. 

Taking the resalta of Captab Brown, we have in eight experiments 
on Swediah, Welsh and Russian iron, 25 tons aa a mean of the breaking 
weight when reduced to an inch square.. 

In Mr. Telford's eiperiments on Swedish, Welsh, Staffordshire and 
bggoted iron, the mean breaking weight obtained frcoa nine different 
ban waa 2d| tons to the sqoare inch. The comparison will then be — 

Captain Brown's experiments^ 25 toDs to the square inch . . "j i^^n 
Mioord and Desames' experiments, 25 tons to the square inch >26'41 tons. 
Ht. Telford's eiperiments, 29| tons to the square inch .... J 
Yorkshire plates* experiments, 24j^ tons to the square inch. 

Making the strength of plates to that of bars as 24'5 : 26'4, being a 
cotnpamtivcJy small difference in their respective powers to resist a 
t^Qiile force. 




12,963, or ll^-fiAlooi pa 
Bqiurc Lncb- 

JtirmarJtt. — Eifi. H, Id thobrolE»D Korface there seened to be i Btratum of flt?d,tkil 
rest «ai LAmindfed but impfrfe^itry, 

Eip. 12. Short snrafci of *iieel in frsftured anrfaw- 



If we compare the results io the Derbyshire plates with those in th 
preceding Tables, we have in the mean of fonr eiperimenta a ratio d 
20165 : 24-850^ or 5 to 6 nearly. 

Again, by comparing the same plates with the mean strength of ban 
reduced to an ineh squtLre, the difference will be as 20 to 26, being u 
excess of 6 tons in favour of the bars. 

Table IV- Strength of PlateB. — Shropshire Iron. 
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Dr*wn ia the di- 
rection of the fibr«. 
Aru of Kction 
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1 




}? 099 or S9-af6 ton 






per iquARuidL 



RfmarikM. — form of ipedEcen the mat u ihoim in Tible I. fig. S. 

Id the flrat enperiment the fncture ahovred tn iiOD -vtrj nnilbnii* eieept a tew bri^ 
apotH like ateel. 

Eiperiment S. Appearance of fracture as before, but a crack up ibe middle ibowed thtf 
tbe plat« wai formed of two platei of eqnai thickneu, not weU united. 
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Table IV. {eaniinued.) 
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Plata Af tin ume 
iron drmwn «ct<4* 
Lfae Abre. 

Ifi. 






ijl9, or n toni per 
>i|iui« iach. 



StmmriBa.^-9netan u before with a lumnited diTcruon, «i Jq lut eipoiment. 



The Shropshire iron gives better iadications of atren^h than those 
obtained from the Derbyshire plates; the mean breaking weights in the 
lost Table being 22*41 tons. From the Yorkshire platea we have a 
mean breaking weight of 24'85 tona, exhibiting a difference of 2^ tons 
in faroor of the Yorkshire iron, and 2 tons or about y'g^th greater than 
the Derbyshire. 



Tabls V. Strength of Plates.— Staffordshire Iron. 
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Drawn in the du 
rfictioa of tbo flbrt. 



93^71 
34,003 



»JB7, or 19-aS3 tou 
per iqnaTe inch. 



Sim^^,—¥Wra of ipeeunen the ume u before, fig. S, 

FnclDre dark gnj coloar, ttrj aimikr to thai from th» four preceding plata- It hid 
boveiCT a few ipedu of bright maner in it, and wai wiiboui any laminaud appearance- 



10. 



10. 



Plata afttw ume 
[nra drawn acrou 
UieabTt, 

Area of KctJoa 
N)0x-Safi--53LD. 



93571 



The tblckDCM -36 



£4,33A \ii,9*B. or fl-01 torn 

per aqDan inch 
£5431 



Mfa^rit. — IiTCsalai in textore, air-bnbblea in fractured lurface, with bright crrttalllud 
matter like *tecL 

Thie inni bai taiuAx oi tlie nme irregularity ai the Derfayibire iron. 

Sorfiice of fractme ibowed ihe iron lo be toj irr^Qlar, one-half being bright matter 
UkcttecL 



On comparing the strengthB of the different irons, it appears that the 
Derbyshire and StaffordshirG plates are nearly equal, the former indi- 
cating 20*165 tons as the mean of the breaking weight per square inch, 
tad the latter, as in the preceding Table, 2028 tons per square inch. 
Ihe same comparison further applies to the above and those made on the 
Derbyihire pUtes in Table 111. 
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Taking therefore tUe rceulta as derived from thew experitneota, it will 
bo obaervcdj that in every inatsnce little or no diffet^nee a|ipefirB to criw 
in Ibe ifsistinjf powera of platca, wlietber dmwH in Llie directiou of iLe 
Sbre or across it- Tliin fact U clearly established by Ibc folloi^'ing com- 
panson, whict evidently atows, that in wtntcver direction the plaits aw 
torn a£iindcr, their etrength is nearly the same. 





it«igbL Ip ihn Amc- wdfht kivb lb« 
bun ■/ thr Hhcv- in 6bn. la dtn per 
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about j^_j 



In favour of thuHC torn bctosa th^ 



rmi^^ 



Or aa 22-5; 23-0, e^ual to 
fibre *t 

rroai the above il ia satiafactory to know, fio far as regards unifo 
in the KlrengtL of platoa, that tlie Lability to rupture is as great whsn 
dniwn iiioni.^ ilimctiim m^ in thu other; iind it is not juiprobable thaL iht: 
same pr*>pcrty would be exhibited, and the same rcsiataoce maintained, 
if the plnU'B were drawn in uny particular direction obliquely across thair 
fibrous or laminated structure. 

In firder however to eatabli^jb the relative power* of resistance in pU 
of rolled iron, I have endeavoured to tabulate tht* results, asdenvt'd fitcii 
the preceding t^tpcrinaents, in such form as will indicate tlieir rejpcctire 
valuer, and plat^c them in eompari^ou with each other, aud also nith tbost 
raude on bars by Telford and Brown. Tbc comparisons are mude (ioiii 
the YorVshire platen, as producing the hcMt results ; snd conceiving lliitn 
to be a fair average of the strcugtli of rolled iron, I hare selected thciu 
BB the standard of comparitior- 

* la BOme eEperimputa by Navier upou the itreugthfl of plates of trrougbt ikid 
hotb iu the dircctimi of the fibre unil ptr]>cndiculnr to il» be fouml ibvni oa lOH m 
rMi'4. Tlir nt-w Tni^thcuhnf [iilingthp mugh luirt before rolling miy liow^-venwtuai 
Tor the diO'Efr^nw, ami lu a i^rent maiuji? delerrcine* the Btreugth of liie fililc. io 
thii country ihe ptoccsa of piling it by eriual Ujctb of fljit haxt at rifiht «iik1*» '" 
each other, which ptoduceii %tvBl UDiforaiily a1' strength jind texture in the iiliiul- 
fwtnre, At other placoi there ii aomctime* a diflertnct ia the tuode of pihn^, "biHi 
vsnca tbe teslurc of the plaic. uid lUso the slruQgth of iht layers i» grcatw in u» 
(lirectioiL than auothei. 
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Comparative reiulta of rolled iron as derived from eEperiment, the Yotk- 
hbire platea being unity. 
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Here it will be obserred that tbe di^rence between the strength of 
the Low Moor plates in tbeir resistance to a tensile strain, when com- 
pared with bar iron^ is inconsiderable ; but taking the mean of the other 
irons, viz. the Derbyshire, Sbropshire and Staffordshire, there is a fall- 
ing off in the strength of about 21 per cent., the ratio being in favour 
of bar iron as 1'035 : -8209. 

In treating of the strength of iron, it may be useful to compare the 
f<nf«going experiments on the tensile strength of plates with those of a 
nmilar description on timber. On this subject I feel the more desirous 
of establishing acomparison^ as the two kinds of material are now applied 
to similar purposes, such as ship -building and other constructions, and 
the question becomes every day more important as to which of the two 
materials is the best. There is every reason to believe that the advo- 
cates of improvement would arrange themselves on the side of iron, and 
those for the "wooden walls" would be equally zealous on that of tim- 
ber. This is however a question which time and efperience alone can 
determine, and conceiving that our knowledge of the properties of iron, 
ts a material for ship^building, is far from perfect, we may safely leave 
its final decision to the evidence of experimental research, and a more 
extended application of its practical results. 

When we attempt a comparison of the value of one material, in its 
ipplication to a specific purpose, with that of another material similarly 
applied, the comparison is only correct when the two materials are placed 
in juxtaposition, or when they are contrasted under the same circum- 
stances as to the trials and tests to which they are respectively subjected. 
Now in this comparison I am fortunate in having before me the able ex^ 
perimenta of Musschenbrock, Bnffon, and those of a more recent date on 
direct cohesion by Profcseor Barlow of Woolwich. T have selected from 




APPENDIX, 



the eKperiments of the latter those which appear to approach most iiearl;^ 
to the present inquiry ; and impresaed with the conTicliim of their havuig 
been carefully conducted and being from English limber, I attach the 
greatCBt valut to them. 

According to Musachenbrock'a, the atren^hs of direct coheEUou per 
tqnare inch of the following kinds of limber are m follows ; — 



]bi. 

Locust-tree 20,100 

Locufit-trec 1»,5I>U 

Beech and oak 17*300 

Orange 15,500 

Alder 13,900 

Elm 13,200 

Mulberry 12,500 

Willow 12,500 

Aah 12,500 

Plum 11,800 

Elder 10,000 

From Barlow the Btrengths are, — 
Box 20.000 

Aik ir»ooo 

Tttk 15,000 

Fir 12,000 



I In. 

Pomegranate 97^0 

Lemon .. ., 9250 

TimflrinJ 8750 

Fir 8330 

WRlnut 8130 

Pitch pme 7630 

Quince 6730 

Cypnis 6000 

Poplar 5500 

Cedar 4880 



lbs. 

Beech ,.. ll.iiOO 

Oak ., 10.000 

Pear 9800 

Mahogany 8000 



Mr. Barlow, in adverting to the experiment* of MusBchcnbrock, ob- 
aerrca^ thut some of them differ considerably from his own, a ciroim- 
etance probably not difficult to account for, a^ the difierent dt^reetof 
drvni'ss have a great effect upon the Htrength of timber *. 

Dr. Robinson, in speaking of the ccpertuieuta of MiiSBcUepbrockj atatcfl, 
that we may presume they were carefully made and faithfully narraled. 
but they were made on such email specimens, that the unavoidable aalu- 
ral inequalities of growth or teictui* produced irregularitieR in the k* 
suits which have too great a proportion to the whole quantities observed. 
It iH for the same reason that I give preference to Mr. Barlow's rcaull*, ift 
he obuen'cB, " that the eipenmeota from which they arc drawn were made 
with every possible care which the delicacy of the operation would tdinit." 
Assuming therdore that Barlow Is correct, and taking the mean strength 

* It hu been shown by Mr, Hodgkiofion. that timber, wbpn wet, wiLI be muhM 
by ft farce less thau one-half of what would take to crush it wbon dry. U thcrcfon 
followa that mucli depi^nda upon the •aiaplca tdrctod and the rra> in whicb the um- 
ber baa been leasoned. 
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of mm pktM, M given in the preceding TftblM, ftt 49,6061bi. to the 
■qmve inch, or calling it 50,000 lbs., uid the retiituice of the dinct 
cohesion of different kinda of timber aa giren b^ Hr, Barlow^ the follow- 
ing ratio of Btrengthe will be obtained . — 

Tiniber i Iron, Kktio, tiking 

IbL IbL timber » unltj- 

2-94 



Aih 17,000 : 50,000, or u 1 

Teak 15,000 : 50,000, or as 1 

Fk 12,000 : 50,000, or as 1 

Beech 11,500 i 50,000, or as 1 

Oak 10,000 : 50,000, or as 1 



3-33 
416 

4 '34 
500 



Hence it appears that the direct cohesion of iron platea is five times 
greater than otdc ; or in other words, their powers of resistance to a force 
^plied to tear them asnnder is as 5 to L, making an iron plate j iDch 
thick equal to an oak plank of 2^ inches thick. In the teak wood and 
fir specimoii, which exhibit greater resisting powers, nearly the same 
role will apply^ and thinner planks, as regard the tensile strength, 
would answer the pnrpoae- This is a circumstance which may be appli- 
cable to teak wood, but nnbronraUe to fir when viewed an a huildiog 
material exposed to a great variety of strains, or when used for sheath- 
ing and aimilar parpoaea in the art of ahip-boilding. The teak wood 
being timher of greater density and of higher specific gravity, is better 
ealenlated to reaiat shocks ^lan a tough ^>rona aubctance of a aoft and 
tpOD^ natnre, anch as fir. 

^ On this aobjeet b should however he noticed, that whaterer matcnal 
is used for covoiiig the riba of veaads, it should be strong and elastic 
in order to rcast not only the force of direct tensioUr but that of tatenl 
and compre— ed action. In a ship at sea these forces are strikingly 
oemplified, and that under cbcwnutancea embarrassing m vdl to the 
pnctical builder aa the man of idcnee. 

Rtmmrka o* tkefirrpoimf aepenmeaU- 

Hani^ ilf**f^''HI tkc itroigtli of tron |datca whca drawn ni ^ 
directaoo of t^ fibre aa wcU aa across it, and having CDai|Mu«d tbe re^ 
saltiwitlicEpcziBatsof a sbnilar ckarMtcr od timber, it may be wacful 
lo«ttr nfev g^iaal dmarwtiam on Ac qncstiaD now mdcr 



a 



Dr. nphs— nw, in his artide on tbe Mmkgth of mtcnals *, w^cn dia- 
tW m^Mtt cf a ibctcluDf I6ree ajij^ied to MUriaK obw rrta , 
tiniiBfi^bEftbodTaaaDda'tlKkree of oohawm is direetlj^fpoaed 
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with very little modificatian of its action; that all ports are equaLly 
stretched, antl the straLi in every traDSTi^rse section h thf? «Bine in every 
part of that flection*" From this it would appear, that a body of a 
horaogcceouB tosturc will have the cohesion of its partfl equal, and amce 
every part is equally etretcUed, it follows that the particleB «-ill be drawn 
to equal distances, and the forces thus exerted must be equal. Now if 
thia were true, the ap[ilicatii»n of an extercJil furce to a body mi^hl he 
increased to such an extent a» not only to separate the parts fortlK^st 
asunder, but ultiioattlyto destroy the eohesioo of all the particles «/onrf, 
a eircuniBtanee under which iTutantaneoufl rupture would follow as a ro- 
Bull. These views are However not borne out by facta, as the experi- 
ments of Mr, llodgkiosou on iron wire ahotv that the same iron may be 
torn asuadei' many fimca in aucet^sbion without impairing ]t» Btrcn^th*; 
and Bome recent cKperimenta at the Royal Dockyard, 'Woolwich, dearly 
ahow, that an iron bar may be atrutched ontil it» tranaverae lecttoa k 
eonsiderably reduned and ultimately broken without injury to ita lenmle 
sti'cn^tli. Nay, more, the same iron (ao elongated), when again auh- 
mitted to eiperiment, eithibited increased strength, and continued to in- 
crease, under certain hmitations, beyond the beanng powers of the eame 
bar in iu original form t- That all the parts of a body " aubjeeted to a 
teuflde strain nre equally stretched" m therefore quealiouable. Bodies 
vary couBiderahly in their powers of resiatauee, aad exhibit peculiar pro^ 
pcrticH of cfthcsion under the itiflueuce of forces calcuLited to tear them 
asunder. Fibrous aubstancea, for instanee, such as ropes and some kinds 
of timber having tlieir fibreB twisted, are enabled to reaUt tension under 
the indtience of ion? iderable elongation n^ith out impairiug their ullimjite 
5trcnfi;tb. Many of the fibres ere stretched, but only to the ejsteat if 
brineing the others to bear iLpon the load, whifli done, their united fofce 
constitutes the maicimura of resistanee to a li^csile strain. 

Other bodies of less ductility and more of a crystalline structure, snA 
an ca»t iron, stone, ^lass, &c., seetu to be subjcet lo the same In-w. Iti 
thcHc cases it seldom happens ^hat the whole of the particles are brou^bt 
into action at onee, as uiueh depends upon the conditions of the body, 
the unequal stale of tensiim of its parts, and the strain which snuie <il 
the particles must rtuatain before the others receive their due portion ul 
the load- Should the uon-rcsistiug particles be within the limits of 
elongation of the other particles, the body will then have attained iu 
maximum power of resistance ; but in the event of rupture to any 
of the resistiiLg partides, the cohesive force of the body is tbeni^ 

* Mmfht^ti^r Mi'imnr^. vul. V- 

t [ HDi inilobtcil to Mr. Thamu Lojd of the Admirals for k BPrwH of uterOftiaf 
rc»ulta uti thLt aribjci^. 
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roJuced, uid that to the extent of tbe injury sustained by the fractured 
porta. 

"There *re howerer/' as Dr, Robinaon trnly observes, "immenae 
varieties m the stnieture and compoaitioa of budiea which lead trj iui- 
portaat Tacts, and prove that the ahdolutir colicaicjn of nil bodies, whaU 
ever be their tciturc, ia proportional to the arcaa of tbcir sections.'' 
Undoubtedly this is the eaae in bodies having an uniform texture with 
Btraight Sbrea, and hence it follows that the absolute strength ofa body, 
resisting a tensile atntm, will be U4 the area of its scttion. 

The peculiar nature of the material conibining a crystalline as well aa 
a fibrosa structarc has led to these observations. In some instances tho 
Bpeeimeiifi espeiiuientcU upou e3:hibited an almost dietLnct fibrous tex- 
ture, and in Dthera a elenrly devclojicd cryatallipe alniPture *. At other 
times some of the specimeue were of a miied kind, with the cryBtalline 
and £brou3 forms united; the fracture having a laminated appearance, 
witb the cryatalline parta closely bouad on each aide by layers of tbe 
fibroua Btrncture- These varieties are probably produced in tbe manu- 
faetu-re. and may be easily edected i^ither by the mode of " piling'^ the 
layers of bara vhicb form the plate> or from tbe unequal temperature of 
the parta m tbcy pasa through the rolls. But whichever way they ore 
produced, il i* evident, from the eiperiments, that the fractures gave, m 
most cases, indications of fln unequal and varied teEture. 

In the fon'goiug experimeutsi and also in those which follow, great 
attention was paid to the appearance of the fracture, in order to ascer^ 
tain tiie structure of the plate, and to detcnnLnc how far it could be de- 
pended upon in its application to the varied purposce for which it waa 
intended. 

These ap[iea.ranceA are all ahowu in the drawiuga appended to iheci* 
perimcnta, and to which L beg to refer. 



PART IL 

On t/i^ Strength of Iron Ptates united by HhetSf and the beat mode of 
^L Riveting. 

^^Rie ertensivc and almost innumerable uses to which iron is applied, 
conatitute one of the moat important features in the improvements of 
civilized Jife. It contributes to the domcfltic comforts and commercial 
greatness of the eountry, and from its cheapneaa, strength and power of 
being moulded, rolled utid forced into almoKt every ^hape^ it is not only 
the strangest, but in many reapectfl the moat eligible material for the 

* 9ec tbe frutiuvd E«ite uf the differeal Bpetiiuetis. Pla;« [1. 
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conBtruction of ve^els exposed to Aevere strain,. Large v^sseb composfd 
of iron plates, snch ns steam -boilers, cisterns, ahips, &e., cannot however 
be formed upon ibe anvil or the roUiog-inill. Tliey are cwnslrucLtd of 
many pieces, and tbe^c pieces have to be joined together i.n «uch a man- 
ner ae to ensure the requisite strength and eficct all the reqiuretnenti 
of aoiiod coD^tmction. This operation is called riveting, and allLougl 
practically uiiderhtocfd, it Iulr not, to my knowledge, cju any previom 
occaaion, received that attention which the importance of the aubjerl 
demands. 

Up to the present time* nothing of consequence haa hevm done to 
improve or enhance the value of thia proces^i. We poaaesft no facti 
or eiprrlmentH calculated to CHtablish priiicipli^s KuiHcient to guide our 
operations in effecting constructions of this kiud, on which the Lives of 
the public as well aa the property of indindwals depend, la fact, ™ch 
has been out ignorance of the relative strength of platen nnd their rivi'iwl 
joints, that until the commeneement of tlie present inquiry the suhjert 
was considered of scarcely svifBcrieut importauce to merit attention. Etoi 
now, it ia by many assumed that a well-rivctcd joint ia atron^-r than tba 
plate itself, and a nnmber of pcrsone, judging from appearuieea alaaei 
eoncur in that opinion. Now thia is a great misiake, and although the 
double thicktiesf* of the joint irtdicates fucreaseU strt^ngtli, it is oever- 
thtless much weaker than the holid plate, a circumstance of some iin- 
portacce, aa we hope to show in the following experiments. 

It would probably be superfluoua to offer any lengthened deacriptioD 
of the principle upon which wrought-iron plateB are uuiled together; 
riveting k eo familiar to every |>ereou in this country, that it nug^ 
appear a work of supererogation to attempt it; and, assuming that the 
QBuaJ method of nvcting by hammers to be generally known, we shill 
proceed to deaeribc onother method by machinery which efieeta the same 
object in considerably less time and at less cost, and completes tlieunko 
of the plates with much greater perfection than coLiid possibly he dene 
by the hand. In hand-rivcttng it will be obscned, that the tigbtacM 
of the joint and the aoundnesa of the work depends upon the sktiland 
also upon the will of the workman, or those who undertake to form titt 
joint and close the rivets. In the machine-riveting neither the will not 
the hand of man baa anything to do with it^ the machine doaea the joiiu 
and forma the rivet with an unerring preeiaion, and in no instance Ctt 
imperfect work be accomplished no long as the rivets are heated to the 
extent conipreaaihle by the machine. Thia property of unvarying sound* 
neaa in the work coDstitutes the superiority of the machine over the 



1838, vhen th»e aburvotjoas were nnttcn. 
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bftDd-nvetiiigp The tnachiae producea mucL sounder work, aa the time 
occupied in the haod proctsa &llons the rivet to cool, niid thus by dc- 
atfoying its dactility, the rivet ii imperfectly closed, and hence foUow 
the defects of leaky rivets and imperfect joiDta. It is evideot that eji 
in»tramentj such as the rivet in g-mHchiue, haring sufficient force to com- 
preaa the rivet at once, or within an almost infinitely abort period of 
time, must <>bviBte, if not entirely remedy, these evilfi^ as the force of 
compre^ion being nearly instantaneous, the heads on both sidea cannot 
be fonnfd until the body of the rivet i^ squeezed tight into the hole ; 
and in crery case (even where the holea we not exactly atraight) the 
comprCBaed ri?et» arc never looee, but fill the boles with the same degree 
of tightnesa as if plaeed directly opposite to each other. If, for example, 
we take a circular boiler, such as represented at A*j Plate III. fig, 3, 
and having all the perforations made and the plates attached to each 
other by te«iporarj bolt* and suspended over the machine in the posi- 
tion as ahown at A^ ard having broaght the holc» in a line vrith thL' die 
marked i, *, the machine then is set to work, and by means of the cam 
or cicenlric raising the pulley of the elbow-joint C, the die k is advanced 
a^tnst the Hied die i in the wrought-iran Bteui, and the rivet is com- 
prcucd into the required form with an increasing force aa the die ad- 
vances wbieh givca the "nip," or grcateitt pressurcj at the required timcj 
namely, at the closing of the rivet. 

From this description it will apjwar that a very limited portion of 
time ia occupied in the process, and as twelve rivets can he iniicrtcd aud 
finiahed by the machine in a minute, it follows, from the rapidity of tbc 
operation and the absence of hammering, tbat the ductility of the rivets 
is retained, and their subsequent contraelion upon the plate renders tbe 
joint perfectly tight and the rivets sonn<i in every reapect. Under all 
the circu in H lancet the machine- riveting is preferable to that executed by 
the hammer j it savea much time and labour, and that in proportion of 
13 to 1, when compared to a long verics of impacts applied by the 
hammer. 

Having described the process of uniting wrought-iron plates by rivets, 
it may be of some importance to know the value of jointa thas formed 
a^ regards their strength when compared with the plates tbemaeive*. 
To attain this object, and eatiflfactorily to determine their powers of re- 
sistance to a tensile strain, a great variety of joints were made, and 
having prepared the different specim*'nM with the utmost care and att^-'u- 
tion, they were submitted to the test of experiment m follows :^ 

* The plan n?pr«aeQt» tlic mocluDC in the MCt of nvetJng the coraoM at ■ iquare 
eiitcm or h tocomotive fire-box. 
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S, 3. flni wfFp wniltpil witb grpat can? nn hoih lides. 
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* The aaCure and appearance of ibn fractures of all the irons and th^ n^ 
joints are shoim in PUte IV, 
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Table VI. (coDtinued). 
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Bip. SB, Ton aatm «t the riTet-holat both rifetj iLlghlly cncked nnr ibe head. 



The pUtea used in the foregoing experiments are of Yorkshire iron, 
the iame aa thoBc employed in Tablc« I. and II, The Bpecimens were 
prepared in the same manner and of the same thicbneu, but 1 inch 
trider at the joint. This waa done in order to retain sufficient metal 
round the rivet-holes, making the breadth of the plate the aame af^r 
the rivet-hoIeB were punched out aa that of the ptatea torn aaundcr in 
the preceding experiments. In all theae experiments only two half-inch 
riretB were need in the breadth of the plate. The lap was however in- 
creasedj after the three firat experimenta, from 1| to 12 inchca^ to give 
greater atrength in the longitudinal line of the plate and to prevent the 
metal tearing in that direction. This precaution was found neceiaary, 
la the metal gave indications of weakneu in consequence of the lap 
being rather narrow. Another reason for enlarging the lap waa a de- 
tire at the conuncncement to begin with the least possible quantity, and 
htj direct experiment to ascertain the maximum distance which the plates 
ahoald overlap each Other in the joints, and to determine the strongent 
and beat fonn of uniting them. To these points every attention wan 
giren, for the purpose of collecting the facts on which arc founded the 
tabulated resnlts on that part of the subject which treats of the compa- 
Ealive dimenaiona of rivets and extent of the lap in reference to the 
thiclcDesa of the plates. In this depaiiment of the inquiry will be found 
the depth of Up, diameter and length of rivets, and the distances of 
holes for nearly every description of joint; also the thickness of the 
plate, with a column of strengths aa deduced from the CTperlmcntx. 

If we examine the nature of the 6'acture in the foregoing cxpcnmenta, 
H will be found that the machine-riveting is superior to that done by 
the hammer; the mean of the three first experiments being totbe mean 

^ the fourth and fifth aa 5 : 4. In the eighth and ninth the strengths 

>re nearly the tame. 
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On compflring the atrength of plates with their riveted joints, it will 
be neeebsary to e!(amine the sectional ateaa tnken in a line tbrotigh the 
rivet-hole-s witli the aectinri of tlie |)late8 tlienisdvea. It is pcrfectlj o!^ 
vious, that in perforating a lias of holea along the edge of a plate, ire 
muat reduce its strength; and it ia also clear, that the plate so per- 
forated, will be to the plate itaclf nearly, as the areaa of their respective 
sections^ with a small deduction for the iiregnlfiritiea of the pressure of 
the ripclB upon the plate; or in other words, the joint will be reiluccdm 
fitrength somewhat more than the ratio of ita acction, through that line, 
to the solid aectioD of the plate* For example^ aappose tno plates, eaeh 
2 feet wide and three-eighths of an inch thick, to \ie riveltd together 
with fen J-inch rivcta. It ia eyidenl ihat out of 3 fet-t, the length of 
the joint, the strength of the platcB ia reduced by perforation to the ei- 
tcnt of 7^ inches ; and here the atrejigth of the platcB will be to that of 
the joint aa 9 :6'187, which is nearly the aame oa the respective areas of 
the solid plate, and that through the rivet-holes, namely, aa 24:16'^, 
From these facta it ia evident that the rivets cannot add to the strength 
of the plates^ their object being to heep the two aurfaces of the hp in 
contEict, and being headed on both aides, the platca arc brought into ver^ 
close union by the contraction or cooling of the riveta after they are 
closed. It may he said that the prcaanre or adhesion of the two aorfacc* 
of the plates would add to the atrength; but this ii not found to be tlic 
case, to any great extent, as in almost every instance the experimenti 
indicate the reabtancc to be in the ratio of their sectional arcasj 
nearly bo- 

If we take the nltimate Htrecgth of the Torkahire platen in TabW 
and II., it will be found tbat the mean breakiug Vfcight of tight apun- 
mens, each with aecctionalarcaof '46 inch, is £6,168, and the atrenj^of 
the fiinp;le joint*, of the anmedeacription of plates with an arcAof ''Hiacii, 
is 18,591 ; this reduced gives the ratioof the strength as 25,030 : 18,501, 
or as I : -742, the comparative strength of a single riveted platt of 
equal area through the tine of the rivets. It will be obacrvt^ that ia 
thifl comparison the areas of the sections arc nearly equal, and cc^d^- 
qnently there is a difference in strength between the solid part oflh* 
plate and that part where the perforations have been made of 32 pef 
cent. The difierencB ia conjsidcrable, but it probably ariBefl from ttc 
narrowness of the specimen and the lateral strain induced by the pofi- 
tioa of the rivet, and the bending upwards of the end of the plaW^ 
From these facta I would infer that single riveting is weaker, and 
bably the loss of atrength in this description of joint, including 

* 1 LKe the bfnn aing^lv joint to dutJiiguijb il Irum the double riveted junt irl 

will be trealeil of hRPcnftf r- 
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nued by die riret-liolefl, u not leu, under ordinary circnmstuiceflr than 
per cent. 

Table VII. Strength of riveted Pktea. 
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ftwi*-— Sip. 31. 7ith Ihe flnt weigbE the pUta beume beot, lo u to be En ■ 
fii«et Unt with tM itnudog force- 

fop' 3tp Tore ftemi the two rivet-holu, in the directioD AB. 

Voh nfiiJ tbi. the DDgle rint teemed umewbtt opened, bni the other two 
fdie doK. 

FUle ton vroie tt the ilDglfl rivet end ooe of the dont^ one** 

&TCti vnnd in lid* And the inecding experiment. 



Li the fint experiment the riiets (two in number) were evidently too 
oik, which camed them to ahear directly acrofls aa if cat by a pair of 
won. In the next experiment the riveta were increased in number 
ad siie, which gave an ezceas of strength to the retaining power of the 
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riveta and caused the pl&te to tear. If we Uke the mean of the eiperi- 
mcnts as respects the arcfi of the riveta to that of the plates, we find two 
half-inch rivela abf>ut the proportion, or the area of the rivets in the Iwt 
eiperitnentrt ahimld Lave Iweii '4 inch, whicK Is aearlj equal to the 
area of the plate through the nvd'holcs*. 

Tahlk VIIL Strength of riveted Vlatea. 
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JFMur^.— Exp. 31. Ton icrau thi^ tiva mft-holee. 

Eip- iiA. Tore uttoe^ th« ino rivet-holci, wh^re the breufth wu 3^ inchPi- 



* Subsequent experiments made for aftccrtaiiiing the Btrength of rirets (vide a^ 
rimenta on tbe atreagtb of riveta for the BritADDiA and Conway Tubular Bridgn} 
fuUy coETDborste these riewa^ namely, that riveted joiata expoted to a teniile itciin 
are directly, or nearly ao, aa their reipective areas, or in other worda, the coUecW 
anaa of the rivela arc equal to the aectkmal area of the plate taken throng tbe ^ 
of the riveti- 
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Uere the aectkm of the riTcto u to that of the pktei, through the hue 
of the riveU, in the ratio of '68 to '44; had they been equal, it is pro- 
hable that tactore would hare taken place aa soon by the riveta sheanng 
u through the platea. 

During the whole of the eEpenmente on single riveted joints, it w«s 
observed that the ends of the plates under strain curled upwards on each 
Hide, and produced a diagonal strain upon the plates, which materiaUy 
reduced the strength of the joint, as shown at a fig. 7> 

Thia position gave an obliqne direction tu the forces, and canaed the 
plate to break in some degree transversely through the rivet-holes. In 
order to obviate this defect, and prevent aa much aa possible a transverse 
strain upon the plates throngh the points in contact, the lap was in- 
creaaed and a third rivet introduced to keep down the cnda of the 
plates. 

The sketches in the 3lBt experiment^ Table VU., and those in the 34th 
and 35th experiment. Table VflT., represent the form of joint, and the 
methods adopted for secnring the plates in the direct line of the atrain. 

On comparing the breaking weights, it will be seen that the increased 
1^, with a rivet to keep down and retain the ends of the plates, gives a 
conaiderahle accession of strength, and exhibits several important facts 
in connexion with the construction of vessels exposed to severe preasure- 
Bnt thia becomes more apparent in the fbrtbeoming experiments on the 
double- riveted joints. 

TaBLK IX. Strength of riveted Platea. 
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JEfM«rl*,— Sip- 3fl. Torn right acroa «t the three rivet-bole*, 
sH the riTett bdog nond tfLo- frutare. 
Bip. A7. Broke u before \ liTeta ill ■oiind. 




In these experiments, Bs in those in the preceding Tahlc, the area of 
the rivets is in excess, and hence foUows rupture through the platea. 
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Table X. SCrength of riveted Platea, &c. 
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Kenwr^.— <Eip. 38. Tote acroBS iht rivet-hol«», RiTcti aoLud iftci Cncture. 
Bxp, ^. Tore Acmn u bcfure i oat rivel-bead crooked. 



The eamc obseryatioua mU apply to these cxpcrimcutn aa to the last; 
the area of the rivets is in e^tceua of that of the plates. 

The Fystem of double riveting eihibita several remarkable pro|>erti» 
as regBjda strength, and tbe plates appear to retain thEir poaition under 
Htram much better thaa single^rivetcd joints. These circumstances have 
induced n compcjison of the reaulta of the prccciltng cxperimcnta with 
those contained in Tablea VII., Vlll., IX. and X- The exptrimenrs iu 
Tallies V1L and VTII. ^ve indications of increased strength by a vtight 
ertlargement of the lap and the introductiou uf a single rivet to keep 
down the end of the plate. In thoee cxpenmcnte it was found that tb< 
additional rivet gave an increase of 36 per cent, over thoae obtajned 
&OUJ the single rivets; a eir<]iiin stance which suggested a further ^ten- 
sion of the eiperiments, accompanied with a niinule investigation of l!ir 
partsj in order to ascertain their relative strengtba, and the strongcaE 
form of joiat- 

The mean breaking weights of equal scetious of ainglc-riveted jobi^ 
at given in Table VI. and taken from tiiue experimenta, &rc rcapectiirJy 
as folio WH ; — 

20,127' 

111,107 

18,582 

I9,147J 

giving a mean of lS,5D01bs- for the strength of ungle-riveted joinU. 
Now iu the second and third ejcperimtnts. Table VII., nitJi the rtvcta 



Menu..., 18,590 
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inKrted in the Amfm wi an h om cIm trian^ (whkh in iict » double 
liratitig), and of cgnal tectioni to tbc qwmtn* in T»bk VI,, the mem 
bretkingmi^t ii 2^0S5^ which ^to an excoi of 4U5, or a ntio of 
10 : 8 in bToiir ctf the apenmcDU itcwded in Table VII. 

In the ciperimaita fTable X^j the azea of the aectimi, taken through 
the line of the rivet-htda, i« '44 indi, or preciielj eqiul to the aectum 
of the ipecimcna cxpenmented upon in Table VL^ in which the mean 
breahlDgwd^t ia 18,590 Iha. In thcae experiments the breaking weight 
is 2^707 Iba^whidiia rather more than that in Tabk IX*, where the 
matetial had a nnaDer nction, hut baring its dimenxkuiB exactly corre- 
qKfflJing with the proportioni given abore. It therefore follows that in 
platea jointed with single rireta, the ratio of the strength of the tingle 
riveta ia to that of the donble-riveted joints as 8 to 10, the latter being 
on^ibnrth atnxigicr. 

Ithaabecn aacertained that it required a weight of 23,707 lbs. to tear 
asunder double^iireted platea, Z\ inchea wide and -22 mcb thick, with 
afloah joint, haTingapUte on the back and held together by five J-inch 
riveta mi each aide; the qoantitj of metal between the holes, in a direct 
line BCioas the plate, being *2 x '22=*44 inch, which ia the same trans- 
TCne acction as thoae operated upon in the first Table* 

Now if we take the mean brodEing weights of the riveted joints in 
^bk* 3L and TI, and compare them with the section of the plate itsrlf 
as git«n in Table I., the areaa being the same, we have for the tensile 
strength of plates — 

BectiaD of iron un uooder- Ibi. 

In Table I., solid jdate -4-1 25.4mi 

In lUile X., donhle-rivetcd jtnnta '4-1 23.707 

In Table VI,, Bo^rireted joixkts -44 1H,59U 

Ajmming thcreJbfe the strength of the plates to be 1000, wo ha\f^» 

For the strength of pistes of equsl sections .^>« lOlKt 

For the doable-riveted joints 9.13 

For the DQgle-riveted joints 7'M 

We may safely aasnme these ratios as the comparative vnlnm of johitrd 
platea of equal sections when acted upon by a force calculatt^l to tear 
tbem asunder. 

The correct value of the plates, computed from a scrtidiial art's tukcii 
through the rivet-holes, will therefore be to their riveted joiht* hs 100, 
93 and 73, or in round uumbera as 10, 9 and 7. 

In addition to a loss of nearly one-tcnth iti the double-rivt-tcd joints, 
and three-tenths in the single ones, it will be observed that tbr hlrcTiglh 
of the plates is still further reduced by the quiuitity of iron jtiuiched out 
for the rivets. 
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Table XL Single riveted Plat«B- 
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Affnwrb.^Eip^ 4U. Ity the vord couttemink ii uuitenlood a codJcaI itccib od od< 
lidc of tlic plate to receive (he bem) of ibe rivets m uriter that it migbt not prajccl be- 
yoad tbs mrfiice of rbe plate. Tore BrruBs tlic tLree rivcc-lolcg, 

Exp. 41. la aa uiiHiicccsKfiil c\])eriinent bade LefuTe iLii upon platef pr^dialj tbf 
unw, and nv^tiYl m rliF iBin? tnaimr^r, Ihcv nere lant icmu the rivet>hoiu ta allfliipl- 
lag to lay on 18,flfl7]bi. F'latra idri^ arni!^ itti? rivet- holes. 

£ip. 13. AU ibc hveta ou Ljaa ude wuc i:ul io iwo in Lhe tuidillc) oriil the plilu left 
■cmntL 



The reaulta in the two last cxpcrimeatsj in the above Tu-blc, are i 
ticfll OB to Htrength, In tlie Aral, with the counterRimk rivets, the plnW* 
were torn asunder, and ia lhe latter the rivets appear the weikeBt, owing 
to the increased sectiiinal area of thi^ }iiHteSj which in the preceding ti' 
periment waa reduced by countersinking the riveta. 

In both expcnmcnta Et wiO be obaerTed that the utrcngtha of the ri 
are proportional to the atrengtba of the plate?, theii' powers of resLati 
being equal, or nearly so. In furty-one experiments the Rectional V(* 
of the rivets waa to that of tlie pktea as '34<> to 'S^r^ tlmt is, tlic K^ 
tions were nearly equal j and in forty-two cjtperimenta &« '34 to ■+'» 
which accounts for the nature of the fracture in both case*. 
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Tabu Xlh StrengUi of riTcted Platev. 
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Jtrmar^, — Exp. 43. Both aide plata vere torn »ro«», and two of tlic riTet* cut olT 
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Etp. 46. Middle plate torn tdaight acrou the rivet-holes. AU the riveta 
■nd both platei kft ionnd. 

Eip. 46. Both ontaide platet torn acio« at the three rivett. 

Evp> 47. OqKT plate lound ; torn >cn>ai the two riTet-holei- Riveta uund ; inner 
plate only torn. 



When the comparative merits of plates and their riveted joinU were 
under conaideratioii, it appeared desirable to repeat aeveral of the eipe- 
nm&itn, particularly those which seemed to throw light upon their rela- 
tive powers of reaiatance. I considered these experimenta to he of im- 
portance, aa they increased our knowledge, as respects the strength of 
the material^ and also its properties in combiDatioD. 
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In i^hip^building UiCEte objects are of some value, aa nay reductioa 
tbc powers or partu of a vesael b^ imperfect coQatructioc, or misapplied 
material, might lead to serious error and even great nsk to the aofety 
tbe ship. 

Since the Grat use of iron for these objecta, it haa been tbe practice 
to countersiDk the heads of tbe rivets in order to present a emooth siu^^ 
face for the passage of the vessel through the water. This practice i^| 
in general use at my works at Mitlwall, and I believe the same methods 
are piu^ucd at the establishment of Messrs. John Laird and Co., iind 
others in different parts of tbe («Lintry. The introduction, of thia ajfltem 
of rireting caused a further extension of the experimental in order to 
elucidate the various forma of joints ^vcn in the preceding Tablca, aad 
further to inve^ti^te the strength of tbe joint with a plate riveted on 
each Hide, whieb appears to be the strongest and beat calculated to reHisl 
a tensile Btrain, Thia description of joint is ei^dora used in ahip-budd- 
ing, but in order to render the experiments as perfect as postublej it will 
be necessary to consider it in this paper with Others of ctjuul importance 
and probably of more general use. 

The system of counteralnliiug the livets is only u»ed when smooth 
surfaces arc required; under other circuuiatanccs their introduction 
would not be deairabh, ns they do not add to the stren^h of the joint, 
but to a certain extent reduce it. This reduction la not observable m 
the experiments, but tbe simple fact of siuking tbe bend of the rivet into 
tbe plate and cutting out a greater jiortion of metal, must of necessity 
lessen its atreugth^ and render it weaker than the plain joint with raistMl 
hcada- Thia rauat appear evident from the fact of tbe scetionial area of 
the plate being diminished, and the eonaecjucnt reduction of the beads 
of the rivets, ubLch in this state are less able to auatain the effects of an 
oblique or traneverse straiu. ^^ 

It ia, however, satisfactory to observe that counterKiuking the bca^^f 
of the rivetg does not aeriously injure the joint in ita powers of resisl- 
ance to a direct tensile force; but the rivets are liable to start when ex- 
posed to colUsiouB or a stroug impinging force, such as the aides of ships 
arc frequently doomed to encounter. 

On referring to espcrimonta (Tabic XI.), the same results 
strength are obtained with the countersunk rivets aa those With 
heads; they are rather under the mean of the former oqierimeuta, 
not raorE than is ejiaily accounted for by the reduced Aectiou of the eoun - 
tersunk plates. ^H 

The joint with plates, riveted on each side, is seldom used, d circun^^ 
stance which probably ariRcs from its greater compleicily of form and ihcr 
danger which a treble thickness of plate would be subject to if used 
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btnkrB or Tesaeli exposed to the action of inteiiHe heat. It is alio inad- 
miidble in ihip-boildiDg, u the amooth auiface requirev to be main- 
tained, and the greateBt care obserred in the formation of the outer 
iheathing to lessen the FeBtfltance of every part of the hull immeraed in 
the water. In other respects the donble^riveted plate is a strong joint, 
and in every ease, where great strength is required^ it may be used with 
perfect safety. 

It will be nnnecesaary to go through a farther compariaon of the ez- 
perimentSj aa sufficient data have abeady been famished to enable ns to 
dJcnlate the force per square inch, and to resolve the whole into a 
gtncril anmmary exhibiting the relative strengths — Ist, of the plates; 
Sndly, of the nnglo- and donble^riveted joints ; and lastly, the vatio of 
the itrengtha aa deduced from the whole series of eiperimenta. 



Genoal sommary of Beaulta as obtained teom the foregoing Eiperi- 

menta. 







puna. Men tbmi|h Iki 

Ihw of TivA. BrvikiDf 

wdgkt in Ibft- ps iqiiua 

lach. 


jolnti of «nul f«tioD to l^ 
plUtt^tuta thn-o^ the 
lin« of mm. BRskm^ 
VElght i« Ibi. pn aqun 




fi7J« 
01,579 
53,3» 
50^BB 
51,130 
4»^1 
43,805 
47,00a 


45,743 
30,006 
43,141 
43^15 
40,340 
44,715 
87*101 


5S3&a 

48,BSt 
58^80 
54404 

53.870 
53,870 




A>,48« 


41,500 


53,085 





The relative strengths will therefore be, — 

For the plate 1000 

Double-riveted joint . . . 1021 
Etingle-riveted joint .... 791 

Wtoai the above, it will be seen that the si ogle-riveted joints have lost 
ODe-fifth of the actnal strength of the plates^ whilst the double-riveted 
have retained their reaisting powera unimpaired. These are important 
And convincing proofs of the anperior value of the double joint, and in 
ftU case* where strength is required this deaaription of joint should never 
be omitted. 

On zeferring to the experiments contained in the separate tables, there 
inQ be found a striking coincidence in the ^cts tending U> establish the 
principle of double riveting as superior in every respect to the general 
practice now in use of the single rivets. It appeara, when plates are 



XX vm 



APPENDII- 



livcted iQ thJH maimer, Ihat the atrcEgth of the joints ia to the fltruagth 
of the plates of equal sectious of metal as ibe numbers, — 



1000 
In a fanner aneJysis it was 1 000 

Vrhich givi?s ub a mean uf 1000 



1021 and 791«. 
933 ftod 731, 

"977 and 761, 



which in prectice we may aal'ely assume aa the correct value of eacb- 
Eiclusive of thia difference, we muet however deduct 30 per cent, for the 
loss of meial actually punched out for the reeeption of the riveta, anil 
the ah»oJutP strength of the platea will tlien he, to that of the nvctca 
joints, as the imnihcra 100, 68 and 4.S. In aome casca, where the riireb 
are wider apart, the \osi sustained ia however noteo great; but in boilers 
and similar veaaelsi where the riveta require to be dose to each othw, 
the e Jge-s of thf pliitca are weiiltt^nt? J to that frxtirnt. Tn this calimate m; 
muat huwcvertake iuto consideratiou the circiunataucca under which the 
results were obtained^ aa only two or three riveta came within the rcftcb 
of esperimeDt : and again, looking at the iocreaie of strength nhiph 
might be gEtined by having a greater number of riveta in eombinntKiD, 
and the adhesion of the two sLtrfaccH of the platna id contact, which in 
the compressed riveta by machiric is conudcrable, we may faitly aasume 
the following relative strcngtha £« the valae uf plates with their riveted 
joints ; — 

Taking the irtrengthofthe plate at 100 

The Etreogth of tlie dontjlt-rivctecl joint would then be . . 7<J 
And the strength of the single-riveted joint ■ . , , . . 36 

These proportions may therefore in practice be safely taken aa DOrlj 
the standard value of joints^ such as used in vessels where thfy are 
required to he steam- or water-tight^ and subjected to pressure varyti^ 
from 10 to 100 iba. upon the square inch. 

Sin<7C the abovti waa written, I have ascertained, on a recent viait b) 
Bristol, chat the large ateam-^hipt nowbuildiDg there is double-riretd, 
the plates being three- fourth h of an inch thick (»ver the bottom and 
bilge, and five-eightha thick up to the vratcr-line. These plal*s art 



• The auH of the inpreaiie ofstrpngth in the doiibl^-riveteJ plHtca mav b* lUtn- 
boted to the rivttcl fpccimcaB tscini^ made Troqi the b»t iion, whcrcaa iht Euru 
fltxcn^U of ibi^ pliitfa j> laliou from ni) tlic inru? i'.\|icriiDCPted tjpua» Hrme of mffrur 
quidiCy. wbirh vn\[ ArroiLTLt for the high vnluc or Iht? dDiible'rir^t^d juiui, la orrit 
nary ouen and in prnftin- it will therefore bt a$Ii^ to lalic the mean of the nbok 



vu. 



Sirengtb uf plate* 100 

Strength of doiJblp-riv*ling .......... 9J 

And oS ninffle-nretiiig. JS 

t llie Givft] Bhtaio ati:aia-ftlLip, 
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joined togctbcr vritb double rivets of 1 iDch diameter, sod inserted at 
difltanccB of 3 indies apart. The proportions appear to be good; and 
conceiving the workmacehip to be equally so, 1 should infer that Ihie 
fine veBsel woold fairly eatabliah the principle, that iron, in all the rami- 
ficatioDJt of ftbip-bmldiiig, U »n article of panmiount importaiiai; to the 
nor as ncil aa to the nicrcautile nai-y. 

In the pursuit of the foregoing inquiry, 1 waa naturally led to the 
eonaideration of the beet proportions aud beet fomas of riveting platea 
to^thpp. r investigated this subject with great care, and from my own 
peraottal ki^nwleilge and ihat of othi^m, 1 have cnllected a number of 
practical Facta, such as long eitperience alone could fumiali* From these 
data I have beco enabled to complete the following Table, which for 
practical use I have found highly valuable in proportioning the dietancea 
and strength of rirets in joicta requiring to be fltcam- or vater-tighti 

Tabic exhibiting the atronf^csC forms and beet proportiona of riveted 
joints as deduced from the eicperinient^i and acttuil practice. 



ptudikii mm to 


hrrtt from 
tbt K*flii in 




rintH ii^su in iDabH. 




BO- A 

tin 


■tt3 
■74 

'91 


■2 
1-5 


-H9 
113 

laa 

l-SJI 
3-35 


iS 


\2a} 
1-50 
1-03 ■ 
175 

3-00 


- VBB 
2SB 


Fui Llie Juuble-rivflfd 
{oint, tdd iVTii'Lliirda of 
ilwdcpLh {tf the bidjiIc Up. 





The figurcfl 2j 1'5, 4"5j 6, 5, &e- in the preceding Table are raulti- 
pLers for the diameter, length and distance of rivets, aUo for the quan- 
tity of lap allowed for the single and double jotnta. Theae multipliers 
may be ccnaidered att proportiorrala of the thicknesses of the platea to the 
diameter, length, distance of rivets^ &c. For example, suppose wc take 
thrce-cighth plates and required the proportionate parts of the strongest 
form of joint, it will be — 

'375 X 2 = '7^iO diftmeter of rivet, J inch. 

*375x4i=I'G8e length of rivet, tjinch. 

-375x5 =rU75 distance between rivets, 1} inch. 

'375 x 5i=20()3 ijuHntity of lap» 2 inches, 

'375 X 5g=3'13U quantity of lap foi double Joints, A\ iocheap 

75, l'68j 1'87, 2-06 and 3"t3 are therefore the proportionate quantities 
Beceaaary to form the atwingest ateam- or water-tight joint* on plates 
(hree-eightha of an inch thjck. 
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In the preceding pages 1 have endeavoured to inrestigatealmcntcTeiy 
circiimetnace having a practical bi;aring on the question of the strength 
of rolled pUtes, and the best methods of imiting them together. In 
ronclusion, I nould venture a few remarke en the value and judiciuna 
UBG of this m&tcrifll, in it* adaptation to ship-buildiag, and other pui- 
poEK9 to which it may be fiucccssfuUy applied. It is not my LntentioD 
to enter Into the qaeaiion as to whether wood or iron be the prefemble 
mEtcria!^ as a number of eircumsUnces, »ucb ua eost, dnrability, &c., 
inuat be canBidcrt^d in order to form a correct dt^ciajoo* 

I would howi^cr observe, that in sbip-buildiug alone, it appears from 
the foetfi already recorded, that iron is very Buperior in its power* of 
resiatance to ■train; it ia highly ductUe in its character, and easily 
moulded into any required form without inii>aJriTig its strength- It is 
also etronger in combination than timber, arising from the nature of tbe 
construction, and tbe materials composing the iron ship become a homo- 
geneoua masa when united together, forming aa it were a aohd, without 
joints^ and presenting ts n whole the moat formidabk powera of reaist- 
ance*, Thesr- are Home of the properties ffhieb appear to disling»iiah 
iron from other matcriala, and which give it an ascendency of combined 
action, which cannot be obtained in the union of limber however inge- 
niously contrived. It moreover possesaea the property of llghtneas along 
with strength ; in fact, its buoyancy, atrenglh and durability covutitnte 
the elemeuLn of ita utility in the innumerable cases to whieh it may bi: 
applied. In ship-building it poaaesaca other advantages over timber 
Ita hull is free from the mk of drc; and in case of ahipwrcck, cither on 
roeka or sand-banlcB, it will reaist the heaviest sea, endure the aeverest 
coneu?*ion, and with proper attention to the construction, it may he tlie 
meana of saving tbe lives of all on board. It moreover ha» the adrantagc 
of bulkhcada, which, made perfectly water-tight, not only atrcjjgthcn 
the veseel, but give greater security to it, and by a judicious arrange- 
ment in the divisionn will tlcmt the abip under the adverse circumstance 
of a leak occnrritig in any one of the compartments. These are tbe 
quahtiea and powers of the iron ship ; and I trust the preaciDt research 
into the Btrcngth and proportiona of the material of which it ia oompoacd^ 
will not only give increased confidence in ita security, but will lead 



1 



' Since th<i above vu nritten wc hari- bad mnuy f^xomples ot fhc enorojc 
Btreaglli of iroa «bi|>8, and amongst oClierb vt may in»lance an irun tpavI whkl 
took the grvund vttU neaHy one-hiJf of ber langth tt the it«ra hanging ovur 4 thel 
for a whole tidc^ another, tUo Ysji^ard iroastcimcr, «rhict for icvcnl boLm(Qiid( 
the action of a heavy aurf) mta btBting upon iharp ^hehing rock* without going 
pieeet - uid lutlj, tbe Great Britun ttenm-flbipj vhicb vu Bttandvd m Lhindiiic^^ 
B&y, uid rciiated the forcr of thf wiatrT atorm^ for many monthfl- 
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in extensum of its ^plication in every branch of marine and mechimcal 
■jehitectaie. 



PABT m. 

Retatanee of fVhm^ht-inm Plates to Prenure by a BhoU IvutntmaU at 
right attgla ttf the tttrjace of the Plate, 

Imspeotive of the experiments made to determine the strength of 
WTonght-iron plates and the relative strength of the joii^ hj which they 
are nnited, the investigation vould be incoinplete if we omitted another 
inquiry of equal importance, oamely, the resistance offered by plates to 
a crashing force, such as exhibited in the injories received by veasels 
when stranded on roclcs or taking the ground in harboors where the 
snrfiiceB are uneven. 

Almost every person connected with nantical affairs is acquainted with 
the nature of the injuries received by timber-built veaaela when placed 
in cLreumatances affectiDg their stability, or when resting on hard and 
oneqnal ground^ such as frequently occurs in tidal harbours at low water. 
Snch a position is attended with danger under every circumstance; and 
in order to determine the relative values of the two materialB, wood and 
iron, it waa considered desirable to institute a similar class of eiperiments 
on both, and thns to afibrd the means of compariaon between them. 
English oak, as the strongest and best material used for the constmction 
of first class vessels, waa selected for this purpose, and the results ob- 
tained from both sre given, nnder circumstances as nearly similar as the 
utnre of the experiment would admit. They are as follows. 

In each of the experiments the plate was fastened upon a frame of 

cast iron, 1 foot square inside and 1 foot 6 inches outside, its breadth 

being 3 inches and thickness half an inch. The sides of the platea, 

'Wben hot, were twisted round the frame, to which they were finuly 

bolted. The contraction, by cooling, caused it to be very tight, and the 

fiyree to bnrvt it waa applied in the centre- This was done in order that 

the force might in some degree resemble that from a stone or other body 

^thablnnteud pressing against the aide or bottom of a vessel : a bolt ot 

Iron, terminating in a hemisphere 8 inches in diameter, had thus its 

romided end pressed perpendicularly to the plate in the middle. The 

reaolts are given in the following Tables. 
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Table SIIL Experimenta to determine the Besistance of FLatcs of 

"Wrought Iron ti) a force tending lo barat ihem. 
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In Plate V. tiga. 13 and 14, will be found repreaentations of the tnt- 
tures of the plates experimented upon in thia Table. 

Froin the above we obtain the strength of plates to resist rupture&oi** 
pressure from a blunt body^ or a ball 3 inches diameter. 

In experiment i, a plate one-fourth of an inch iba. ifan. 

thick wBs burst by 13,789'! 

In experiment 2, a plate one-fourth of an inch >lGj779 

thick vaa burst by 19,769 J 

In experiment 3, a pUte half an inch thick was 

burst by 37,519 1 

In experiment 4, a plate half an inch thick was >37,723 

buret by 37.928 J 
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Here the itrengtlifl are afl the depths, a half-inch plate requinD^ double 

the weight to produce fracture thul haJ prr'viousl^ burst the qujirtcr of 
tn inch pUtc- In ttc succeeding ciperinicnta on oat timber, the powcre 
of resistance follow the ratio of the squares of the depth, bo thai a wroughl- 
iroti plate of only one-quarter of ftn inch thick ia able to r^'iisi a force 
t^qual to thai required in the rupture of a 3-incb plank. 

The CKperLoieutB were made upon good Eaglish oak, of differcQt 
thickncBBca^ and of the ftame width as the iron platca. The spccimeuB 
were laid upon sohd planks, 13 inchefi aauodcr, and by the some uppa- 
ralua the rounded cud of the 3-inch pin was forced throuj^h them ss 
foUowa ; — 

lUraistauce of planks of timber to the entrance of a ballj 3 incliea dia- 
metcr, the planks being laid upon props 13 inches aaunder; the object 
of the experiments bcmg to hurst them hy prcssmg a pin, tcrmmated by 
a hemisphericaJ end, 3 inehes diameter, througb the centre of the phink, 
u waa done with the plates of iron. 



Table XI V, 
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Taking the rcsulbi uf the four laat experiments, whicti were ou piece* 

from the same planJc, wt obtain — 

tba, UcuL 

Strength from planks 3 inches tliick . . IS, 9-1 1 1 i - ^33 

Strength rroiri planka 3 iuchea tJuck 16,925 / '' 

Strength froTTi plankt 1 1 inch thick 4,5321 

Slrengtb from plnrks I J itirh thick 4,260 J 



4,406 



Here the strength to resiat cniahing followB the ratio of the sqnarp 
of thr depth, aa is found to be the cue in the Iranavcrsu fracture of rect- 
angular huilii^E of cQD^taut breadth and span. 

If wc compare the foregoing rcBuIta with the espcrimcnta performed 
by Mr. Hodgbirson on timber, it will be found that the etrcup^h of dry 
£ngliah oak to resist a crushing force is 4-^ tons to the «qu»re inch, 
whcTi-as uTought iron, according to RondeTet, reqnirM a pmaure uf 
about 31 ton* per square inch, aud with this weight it is redaced aboal 
onc-Bixtccuth of ita length* The resistance of wrought iron lo a crush- 
ing force is therefore about seven and a quarter tinica greater than thii 
of o^k: and flocordiug to the experiments in the preceding Table, iL 
appears tlifit tile rt^i^bmce of wrought-iron pjati's to a fcirce ealeuhiU^ 
to burst them, follows a dificrcnt law to that of oak, the resiatauco of the 
farmer being directly as the depth and of the latter aa the square of the 
depth, Keasoaiug trom theec faetji, it may be interesting to know thil 
in the use of timber, sueh hb tbe oak sheathing ofship^, the strength lo 
external pressure iucrea-Hea in the ratio of the sqnarea of its thickiie«a; 
tnd, where great atrcngth ia required, it will be Dccessary, ia the eoa- 
struction of vessels, to consider the nature of the service and the required 
thicknesB of the planks. 

The aame remarks will apply to vesaels conatru(*ted of iron, eomputed 
front the formula deduced from the eEperiments- In a table of expert- 
mental resulted by Mr^ Hodgkinaou nc have tbe mean force per aqoire 
inchrcqmied foreruGhing timber of difierent kiuda; and assuming Kon- 
delet's expcrimentEj which give TOjOOOlba^ as the rcaiRtanee per squan 
inch of wnmght iron, it} be correct, we then have as the ratio of their 
respective powers of rtaistance Ea follows : — 
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Table XV. 
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Id jiddition lo llit- rtlutivi! resisting forcr^s of the diETE^rent krnds of 
timber above enumerated, will be found itic spcciSc gravities of each, 
vhich cnablcB the reader to detcrnuno the comparBtire wciglits na wcU 
aa strength of the different lunda of nood. 




PART IV, 

In the preceding rewarches I have endeavoured to determine the viJne 
of iron chiefly in referenec tn its ajkpficHtLon for the pitrptM<cA of ship, 
building. It now only remaiziA to determine the beat form and con- 
dition of another part of the HtnicturCr namely^ the frames nnd ribs of 
vcsHcIs^ aJao cotnpOHcd of iron. Some of the forms oxperimontcd upon 
indicalt.' weakness, but certain moditications which have ainee boon in- 
troduced liJiva gJYcn increased snp|»rt to the bil^ and aidcK of the 
iiltip, and greater powci'a of resistance to the outer abeathiu^. The 
beam abown at fig. 10, I'late V., is probably one of the etrongetit and 
most suitable for the support of the decksj^but it is inadmiesible as a 
frame for receiving the esterior ^beathing plates. These frames are 
generally formed of a plate witli angle-inms along the edge^ uti botit 
aidc«, of which the ajiiic;icd sketch arc sectiona. a, a, &c. rcprcs^it^ a 



Kr 15. 



portion of the outside plaU-a; l/,b the angle-ircm fraruL's or ribs, which 
^^ from 18 to 24 inchea aaundcr, according to the poaition in the 
^*«tioD of the length of the abtp ; Cj c, ongie-iroa of the sanic strength 
» riveted along the edge of each rib for the purpose of stiffening the 
^ite of the ship and giving lucri^ased rtsi^tanee to those part^^ hIbo t<^ 

c2 
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receive interior platea, aorae of which, in large vcsbcIb, are riveted dia- 
^njJty to the interior angle-irons e, c, &c., fonning Btringera and bniM« 
friim the kelsoas round the bilge to the upper deck». 

Othcrbinda of frames might hcuBcd with double angle-iron^ as shown 
at d, d, &c. in the annexed sketch, but they arc more expensive, and 
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from the increased complexity of con&tniction, the eitm strength ob- 
tained does not compensate for the didcrence of coBt^ Altogelber, tbc 
frames recorded in fig. 15 have came into genej^ use as tbc moat effertit'e 
and caay of couHtracttou. Thoac experimented upon were of di£ercDt 
kinds* OS shown in Plate V. figs. 17, 18, &c., and in sections g^vca 
the Tablea, and from which the following rosultB were obtained, — 



T> BLE XVT_ ETperimentg to ascertain the strength* of uniform wroupht- 
iron beams of difPercnt forms to support the sidea and other partH t>t 
vcflBcl^, the bcama having their ends placed upon propa and bcin^ 
loaded m the middle. 
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fffl r« '5 inch. 
^&b = -ae inch, 
re = "0*1 inch. 
ff = £5 inch. 
The pui C naa do^niniirils during 
the «jiperiiDeDl, the »eighi biing 
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Ibt^ 



iJou 

<Hth 






lU. 



3Sfi5 



iljl^ 



109 



■qUATCDf 
of «l]tllJ 

wiih^ 
IrvB att4. 



locfan. 



36314 



WriifaEtf 

lucb 

«Livba 



pinfff* 



IbiH 



u 



»I6 



^mwiji. — The weight 335A Lb». vn laid on at once, ud the Iwaui alnon tnAff-^ 
ilimdj Bunk nith U ; t tflcij^ht KtmcthiDg Leu vduU Iihvc dune iL. 
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SiBWrii.— WitfalO,75&lbLltnmk; tbe nrtinl r 


b beonniiip twisted. 



All the beams experimented upon in the foregoing Table are ahown 
in new and in aection, Plate V. figs. 17 and 18. In the firrt eiperi- 
mcDt the beam was 7 feet between the Bupporti, bat having yielded 
to tbe fint weight, 3355 Ibs.j laid on, it wu sabveqiiently cut in two, as 
shown in the drawings abore referred to. In eiperiment 2, it will be 
observed that a frame of this form is weak, arifling ^m the deficiency 
of material on the lower side of the rib formed by angle-irdo, which, 
yielding to a tensile strain, becomes elongated in the act of bending, and 
wonld thus deflect through a considerable space before actual fracture 
took place. Reversing the other part of the beam with the broad flange 
downwards it carried more weight, but ultimately sunk under a load of 
10,759 Ibft-, being in the ratio of 10 : 7 in favour of the beam with the 
rib upwards. 

These ciperiments, when reduced to 7 feet between the supports, gave 
nearly the same proportion, vii^ nearly as Z4 : 24. They are however all 
veak, arising almost exclusively &om want of material on the top edge 
of the ribs, and a due propc»tion in the construction of the beam. 







Table XVII. Exporimenta on Wroaght-iron Beam* (contiaoed). 
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Thewhole of the experiments herein recorded ore of the UEinic doocrip 


. 


^^M tion Bs the Idst, with the eyccptinn of the bi^nm bcmg ct>mf>oRL*d of thicker 


^^M fuiglc-Jrou, and couaeijutuitly midcreJ iiutcL Htifli^r ntij vlron^ thu 


^^1 tho«C Hr«t CJtpcnmcnted upon. This increased aliffucbs rcvcrsciJ the rc- 


^^1 siEting powers of the beaiUr when taken at a T-fcct ^pau, m the ratio of 


^^m 6 ; 5 LQ favour of the tir»t position ^vith the nb iIowuwurUaH for pUai 


^^1 and iectioDS of thcso bcoms see Plate V. fig, 18. 
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Table XVTTT, Ezperimenta on Wronght-iron Beams (contiDoed)* 
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Tbe expcriiiit^Dt4 in this Table werv mailf: on aolid ^ iron, anJ iudi* 
cate Qcarl^r the aanic proportLoitSj as respects tbeir strengtii, ts the beajna 
composed oFa plate and double angle-iron riveted together. Tbe whole 
of ihcfie beema appear to be defective io form, and are therefore not cal- 
culated to suatuiD B aevere transverae strain. To attain the section of 
greatest strength, it is probable a diiFereat form would be i'equirc()> &b 
well BS a ditfcrcnt proportion of the parts, Hucb e^ iu the aonexcd figtirc 
with a double flange*. 



Taslb XIX. Experimenta on Wrougbt-iron Beame (continued]. 
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j^moTjIi. — Afttr brarijig the weight }0.7^5 Ihi.. the beam hul Ukea i MI ='06. 
Piet& of wmjJ wcrcilriieu Uslttly ju betwrtiUhF n\n AB.CD, aiefli'bniileof ibebnta 
ID the middie, to prevent the load laid on il Ltere froDi deranpjini; jii fonn. Tbe bum 
broke by Lhc boitoru rib being torr asunder, preceded by ono of iLc ban cn^liiiic at i 
rivet- hoUi, I 

■ ' * ' " ■ ■ ■ 

The above ia probably the atrongest form of beam, if duly proportioned, 

by adapting the material to a balance of the two oppoaing fonxs d 

extenaion and compreaaion. 

* Since the evpertmenta hemn recorded were made, othen have been imtitiited 
OD some deck-rbetuDft by Mr. Kmnedy of Meian. Bury^ Curtla and Kennedy, LiTO- 
pooL the particulan of nbLrh are Lnserted hereafter. 
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This experiment nliowa the superior qu&lity of wrought-iran twarna iQ 
giving tmicly notice before fracture ; it furthtr tzxhibitb wcakiica?) on the 
top oifiee of the beams, a circuuit^tance requiring great atteution in thctr 
construction, which in some recent experiments, initituted for attaining 
the seerion of ^reatfst utrenglh, have been utrikingly developed*. 

In the preceding cxperinjcntH, we have endeavoured to compare (he 
atrengtha, aa vretl afi the weights of the beams or frames which form the 
ribs of gfaipQ. As regards the i^trcngtha with equal weights, it ie in 
fuvourot'oak; but the cirenmstance of the fuHtcninga by rivets in the 
sheathing being so much siipenor to thorn; of timber, the iron ahip- 

* See my *Twb □□ the CuuBtfuctian uf ihe QriljuiniH t^\ CuDii<P> Tiibulu Bndireftp 
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bLiIlder is cDablcii lo dispense with tinc-half the number of frarae^, and 
consequently a great reduction cf weiglit is effected and more atrength 
obtained in tlic vessel na a whole, than coiJd poeaibly be accomplished 
in the timber-built ship, however ingeuioua the constniction or the 
RfTsngemeol nnd dintribution of the malerial. The wry act ofranlkuig 
iKe joints of a wooden vesHcl baa a lendcucj to loosen tbe fHstcmogs, 
nhereas, in the iron chip, there are no actual joints, for the whole being 
bound together en maaant the same, or nearly the same, atrength is ob- 
tained as if the whole ahip were composed of solid plates and rib«- 

The best sectional form of beamti for the decks of ships is probably 
that exhibited in Table XX., which, along with the bo^ 
beam of the aniiciccd foi-m for diipportJug the shafts and 
paddle-boxes of steamers, m that generally used in the eon- 
■tmctinn of vessels of this deiieription. Other forms have 
been adopted, particularly those mig^rated by Mr, Ken- 
nedy of Liverpool, alluded to in page xl. notCi 

Having carefully investigated the difiei^ot properties of wrought iron 
in its varied forms of eonatructioo, and conceiving thiit the rcsulu 
obtained from the experimeEts may be useful in a variety of eircam- 
Htances conaeeted with the useful arts, 1 have eodcavourtd lo collect 
them in the abatruct* in order that the practical builder and cnginwr 
may the more readily ascertain tbc comparative value of tbe (hffennt 
forms of beams, the properties of the material, and their adaptat^en to 
any particular construction in wbieh he may be engagL'd. Shadd 
further inibrmation be required, we must then refer to the experiment^ 
in rthicb will be found tbc facta more in detail, and which arc probiblv 
battel! calculated to satisfy the inquiring mind and to effect that convict 
tion GSHcntiaL to siteceat. 

I have not attempted any inquiry into the laws of oxidation^ the tdbr- 
sion of bamnclca and marine vegetation, and the mcaua aecessarylo 
prevent such evils. Tbia is a aubject whic^h does not come within Ibc 
province of the present inquiry, and more propi-rly belonga to that <jf 
die chemist. I would however briedy nutifx', that in the whole of my 
cApcrieuce 1 have had little to complain of from the effeeta of oiidatioi^ 
a? that dcatruetivc process, as regards iron, appears to be greatly loib- 
gated, if not alnto^t auapended, by constant use, and under theinfluencf 
of vibratory action the operation appears to be rendered nugatory, if it 
does not entirely eeaae, and that under cireumatancea exceedingly difficult 
to explain. Thifi ia B.n invcatigatiou not unworthy the attention of anttf 
of otir best ehcmista, to whom the cauacsmay be known, but whiehaiei' 
present, as far aa 1 know, unaccounted for. For einmple, 1 oiaj ohth 
tion that an iron ship, if kept constantly in use, or nearly so, wdl I** 
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for ft Dumber of yean eiposed to all the changea of weather and tempe- 
ntore without any senaible appearance of decay. The same may be said 
of iron raila, over which are passing daily such cnofmons weights, and 
at anch velocities aa almost to neutralise the action of the elements. AH 
these afe atriking examples of the durability of wrought iron, which may 
be considered as an important element of its security, and a recommenda- 
tiou for its. otended application. There Is another circumstance in con- 
nection with this snbject to which it may be neceaaary in this place to 
advert, and that is the effect which a long continuance in salt water has 
upon the hull of an iron ship. It is well known thaba long immersion 
of cast iron in the sea will convert it into plumbago, and that a similar 
process with malleable iron, from its contact with the saline particles of 
the ocean, produces oxidation j and in caae the immersions were long 
continued, the cfTecta of this destructive process might endanger the 
mfety of the ship. As yet we have not had sufficient evidence of its 
effects to enable as to come to any definite conclusion, but it is not im- 
probable that an occasional visit to harbours of fresh water may miti- 
gate, if it does not entirely neutralize, the injurious effects which the 
material is likely to sustain. With these observations, which I offer 
with diffidence, I now beg to direct attention to the abstracts as deduced 
from the experiments. 

Abttract of Results at obtained from the experiments. 

In Part 1. of this inquiry we have endeavoured to show that 50,000 lbs. 
per Bqnare inch is the mean breaking weight of iron plates, whether torn 
aannder in the direction of the fibre or across it ; and we have also shown 
that the tensile strength of different kinda of timber drawn in the direc- 
tion of the fibre varies in a given ratio to that of iron \ the timber in 
ttiia comparison being represented by unity, we have the following ratio 
of atrength : — 

Timber : Iron. 

Ashas 1 : 2-94 

Teak as 1 : 333 

Fir sfl 1 : 416 

Beech as I : 4'34 

Oak as 1 : 500 

Theae^ for practical purposes, may be taken as a fair measure of tho 
strength of the different woods as compared with that of iron plates. 

It has been shown that wrought-iron plates, when riveted together, 
kue a considerable portion of their strength, as may be seen by the 
eipenmentfl id Fart IV., where the plates, by their union with each 



'E&Y 



APPENDIX. 



Other, lose hj the ordinary proceas of riveting 44 per ccot., and by wx 

beat mode of riveting 30 pet ceot. This ahoiild not however create 
serious aJ&rmj aa the loas of strength is almoet entirely obviated by the 
Dew proPesB of riveting naed in the bottom of the Britannin and Coa»»/ 
Tubular Bridges*; and it nhould also be observed that in timber tie 
same injuries arc sustained by Hplicing or any other method of forrnb^ 
the jomtQ as arc bore ezliibitcd in the riveting of irou plates- The two 
proceascfl, that of riveting (according to the method uaed in the e^rperi- 
rnenta) and splicing, when intended to resist a tensile strain, mu^tlherc- 
fore be couaiderad anaJngouSj and the eumparlaon undi;r Buch circon- 
atanccs will nearly follow the same Uw u regards ei diminution tt 
atrcngth. 

In thifi section of the inquiry the results obtained from the eipen- 
ments indicate a krss in the jointa as compared with the KCilid plaLf, u 
the numbers 100> 70 and 56, vlk.^ 

For the solid plate 100 

For the double-fivctcd joint 70 

For the Bingle-rivetcd joint 56 

which numbers may be considered aa a fair average value of the ■trengthl 
of the different parts of vesspls constructed in this manner. 

Part Y- exhibits the atrength of platea to resist vertical pressure fnn 
B bhint instmmeDt, which was forced through them for the purpose flf 
aacertaming their comparative powers of resistance with oak tmibef, 
placed under cireumstauces precisely similar and aubjected to the eunr! 
force. The results are inlcreating, as the iron pistea appoar to ffJkw i 
differeut law lu their resutance to presi^urc to that of oak, the streugU 
being as the depth or thickneaa of the platea in the first caae, and astho 
aquarcfl of (he depth in the secondi The rcaistanocd arc therefor? inlbo 
ratio of 1 i 12, the iron being 12 times stronger thoa oak. 

In Fart IV. we have some curious facts illuslrative of the nece«sit; 
and value of experimental researchi In the earlier experiment of t^ 
inquiry it is evident^ that angle and T ^^^ beams or &Ame« arc not tbc 
best, as regards form, to resist a transveree stiaia. In every ease tbti 
arc weak, and although exceedingly useful, and in fact indiapenMble for 
many purposes of construction, they arc neverthelesa not calculatnl tp 
resist atrain in the form of beama or girders. These defttt* 1 tatf 
endeavoured to obviate by the introduction of beams with double lUnfc* 
formed of a body plate and riveted angle-LrouB at the top and bottooin 

' Sve m^ prnoeu of tfaBin-tiv«tiTifc aa extubiteil in the loner lidcKcirthc UritanMi 

Hiul CoimA\ TnhLilnr Dridf;?'- wherv die Lajurits above rauakcraieVI ue eaudl 
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All these litter confttractioiii maj however be left with iafcty to the 
pimctical engineer*. 

Tike itrengtlu of neafly the whole of these heamB have been miUhenia- 
tieillj invettigHted hj Mr. Tate, to whose fnendship and analytical 
retcuch I am indebted for the annexed mathematical inquiry into the 
different forms of the wrooght-iron beams which have been experimented 
npon. To the mathematician this part of the subject will be the more 
interesfcingt aa the ntmoat care has been observed in the measurements and 
exact proportions of the parts, in order to obt^ the uecessaiy formula 
ibr cakolating the strength of beams and Barnes of ttiis description. 



FORMULA RELATIVE TO THE BEAMS IN THE 
FOREGOINQ EXPfiRlUENTS, 



Beamt unih a Single Flanch. 

Let ABF be a section of a beam having a 
single flaneh ABkh, the material being symme- 
tricatly distribated with reepect to the vertical 
lineEF. Let A<u^ and DFC be parallel to AB; 
«r and idC parallel to £F. Put EBvEA=«, 
CB=DA=«i, fle=Fr=/, Bit=A^=^,, Ki 
= B(f = /^ Fff = Fn = f g, areaaection ABc^nj^ = Aj 
and the distance of the centre of gravity of this 
■eetion from the edge ne=X, 




7b find the PonHtm of the NetUral Asie. 

Aaanming the material to be perfectly elastic, the neutral axis will be 
in the centre of gravity of the section. Hence we have, by calculating 
the momenta with respect to the line DC, 

AxX=«;-(«,-(J'(e-0-J(e,-(,W-'3)-C«~')('.-'.) ■ 



x= 



8«; -('i-^'(3«-g<-'a)-('-0('.-'i)(3'i-2<,-f,) 
3A — — , 



(1 



which ezpreaKS the diBtuice of the ueutnl uda from the edge ne, where 

A-U+yCe,-(J + (/, + 0(e-t)+2"a (2-) 

■ For B more dabante LDquiry into the itrengthi of wrought-inm bevtii» lec my 
^mk CO the Bntaimia ud Connav BHilgn. 



7b find thff Moments of Ruptvrp. 

Let I — tkc monietit i>f ioertia nf the HL-ctina &buiit the neutral uis. 
I,= the moment of mcrtia of the sectioQ about DC. 
W= the breaking weight of the beum. 
/:= the distance betwetio thi; supporta. 

S= the force per s(]iiflrc inch of the matt^riul uppoM^ to enteitAKiQ 
or comprej^sjon, aa thi; (^aat; may be, at the tkiu edge cjf the beaiui 
Taking DC aa the axie, — 

r,=monQfint inertia ABCD— 3 moment inertia rCdc —2 naomenE 
inertia frc—^ raomeot inertia cdk. 

Now, moment inertia ABCD = ^fi^i 

2 

2 momCTit mortifl rCdc=-s{e—t]{e^—i^\ 

% moment inertia wt:^^(/ — y(ej— fj* 

3 moment inertia cdk=-=[t'—t)\{e^—t^^—^{e^ — t^^ 

Stibfitituting tbcBt* TalucB and reducing, wc find 

+ (*,-(,)(2«,-r,-(,)S] (S.) 

Also (Moaeley'a Engineering, p. 83) we have 

I=Ii-AX« (4) 

Moreover, by the formula of rupture, 
W/_SI 

T-X' 

.--^ « 

Taking the data of Table XVI., we have 

c=2'5, ^,=2-6, f=-33, ^,='35, /gi^^S, /a=-42; 

therefore, by equation (2.), 

A=(-32 + '25)(2-6--42) + (-35 + -42){2'5--32) + 2x'32x-42=3-m 



I 
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By equation (1.), 

X = {3 X 2-5 X 2-ff' - (2-6 - ■42)»(7-5 - '64--25) - (2 5 - -83) 

x(-4^-'85)(7-8--84--35)K3x319=l-91, 

which ifl the distance of the neutral aiia from the ed^ ne of the beam. 
By equation (3.), 

I,=g[4x2-5x2-6»-{2'6--42)*(2-6-'25)-(2-5--32)(2'6--35) 

X {(2-6-'35)"+ (2-6— 42)(5 2-'35--45)[] = 13-375. 
By equation (4,), 

I=13-375-819xl'91'=l-738. 
By eqnation (5.), 

Ineiperimentl, W=3409, J=7x 12=84, 

o 3409x84x1-91 o= . 
■'•^=^15568 ^^^^°^- 

Let X|^the difltance of the neutral axis from the edgea AB, and 
S,=sthe force per square inch opposed to extension or compreaaion, as 
th^ caae may be, at the edge AB, then 

X,=2-6-l-91=69, 

, o X, (- '69x35 --^^ 

and Si=-^.S=— y^rtl— =l*"ton8. 

In experiment 2jW=7735 +18=7753, and /=27, 

^ 7753x27x1-91 _ .^ 
-^== 16568 =25-6 tons. 

^ -69x25-6 --^ 
•nd ^"'T^l — " ■ 

In experiment 3, W=10759 + 18=10777, /=27, 

o 10777x27x1-91 „^ 
■"■^^ 15568 =35 tons, 

and Si=12-6tonB. 

Taking the daU of Table XVIII., experiments 7 and 8, 

*=l-425, *,=2-5, t=% /j=36, t^=% t^=l^^ 
Hence we find from equation (2.), A^1^762; from equation (1,), 
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X^l-86, and .-, X,=2'5-l-8ti=G4j from eqimtjon (30> l,=6'y«i 
ai\d from cqunttonB (4.) and (5.), S = W^x*0002I tona. 
Ill eiperinjent 7, W = 300a + n=,^H), /=4^, 

--_ S = 3019 X 48 X -0002] =30-4 toHB, 



aiid 



S.= 



■64x30-4 



1-86 



=10-4 toaa. 



lo experiment 8, W = 3142 X 11 = 3153, /=48, 

.'. S=315&x48x'000iil=31'7t«>nft, 



and 



Si- 



64x31-7 

1-8G 



= 10-9 tons. 



Obsrrvations. — The value of S cletenumeil From experiment ,, 
rcaifltancc of the matcrinl to eitcnsion, whcrcea the teJuc of 8 dctcrmioeJ 
from experiment 3, ie the rcaistancc to comprea^ioD. Hence it flppCtfif 
that in beam* of this form and thiekntss ofphtes the resistance to a- 
tension ifl equal to that of comprtssiou. The same observation applirs 
to the values of S dctcnnincd from experimeotft 7 and Sj and the aaoic^ 
law also hold^ true for cxpcvimente nnd 10, 

These calculations further efaow, that the maturi&l in these beams is 
not properly distributed, for while the thin aide of the beam is abontlo 
undergo rupture, the broad sule has not attained one-half of tht tension 
or compresnion, &a the caae may be, which it ia capable of suataiiung. 

It vrill also be ohEcrved, that the rcaistancc of the materitd at the tLia 
aide, as indicated by thesis calculations, is greater than what it would be 
under ordinary circumstanees, viz. about 25 tons per ujuare inch. T^ik 
apparent discrepancy niay be explained as follows; — as a btani of wrougll 
iron approachea tht: Limit of tension it undergoca an acc<tlcrated rate of 
elongation, even while the cobcaion of the material reoiains unimpairrtl'. 
Now this ununual extension of the particles in the lower Umina; (in a 
beam having a single flanch placed upwards) allows a giiccession of par- 
ticlea in tlte higher lamins to cume into full teneile strain, so that the 
particles at the lower edge of the beam apparently attain a tennile stnin 
greater tban they would bnve under ordmary circumatancea. And it oia]/ 
be presumed, that a similar law obtains in reference to the eompTesiion 
of wrought-iron beams. HeTJCe it follows, that all calculations vbir^ 
aaaurae the teu^lle or coniprcBsivc forces, in heama of thia fonn, at the 
edges of the beam equal to what they are under ordinary cirevunslaacai 
muFtt lead to erroneous results. 

It may be farther worthy of remark, that eipentnents 2 and 3, 8 and 

7, show that when the flanchea of the beams are i>Iaced upwnrds lU 

deHections are considerably greater than what they arc when the dancki 

* Sei' reoiarkson pxperimeot 2, p. liv. 
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xlu 


ire plieed dcwnwarda ; thiu in experimenta 2 and S, we hare 


Woght DO tbe bcaou. 


Dfldsctlou irbAn the fluch 


Dedsctbu when the Sudi 




iinpwudi. 




lb-. 


inch. 


iadt. 


6055 


■43 


■26 


6727 


'68 


■34 


7399 


'88 


'47 


and in experiments 8 and 7, 


2470 


-66 59 


2739 


1-22 '90 


3008 


2'20 


1-35 



Bttm$ with o Doubts Fiimch, 
Let ABYE be a aection of a beam having two flaschea AB^ ami EF^ 
fbrmed by angle-iroQH riveted to a ver- a r b 

tics] plate CD, the material being 
lymmetricallj distributed with respect 
to the rertical line CD, Let be the 
neutral axis, and KVG a line psBsing 
through the centre V of the vertical 
Hne CD parallel to A3 or £F, Pat 
Aisthe area of the section of the 
materia], Ajsarea ABFE or 2 area 
ABGKj A,=3 area mjsi, Ag=2 area 
jpbG, (ig=2 area mjqv, a^=2 area 
^p^,D,=GB=GF,Da=9,Da=iG, * 
it=jqr 't^/Gf X=OV, Ij=mDment 
of inertia rfwnt KG, I = moment of ^' ^ ' 

mertia alwnt 0, W= the breaking upon the centre of the beam, /= the 
diatanee of the supports, S, S, = the reaiitance of the materia] per sqnare 
inch at the edges EF and AB respectively. 
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To find the Neutral AactM. 
Taking KG as the aiis of moments, 

AxX=:i(A,D.+AaD3^aX-VB). 






wliere 



AsAi-A^-A^-fla-flj 



(6.) 
(70 



To find the Mamentt of itup^urff, ^c. 
ICakiag the moments of inertia with respect to the line KG, 



d 



1 AVFENDU. 

J,= momcat inertia ABF£— 3 moment inertia vpaee bgvtqf 

=i(A,D;-A^D;-AaD;-^^-iy/;) (8-), 

I=1,^AX* {9) 

g^ ff/|D,-S| ,10.1 

41 

»- ^=/(^) "•■' 

flua S=0, I, = I, 

ud I=^A,Df-2AgD|-2AsDU, 

4{A,D!-2A^;-2aa»n 

, 4StA,D;-aA,D;-2A3D;) ,.., 

"^ "^ siB; ''^■' 

vHidi omreeBes the breaking weight when S is ^iven. 

LBtDi, Ti\, ^^^j k\ A„ ... &c- be the correapcndiiig dimEtiBJoiu uf i 
beam in all respects similar, aad Let r be the ratio of the linear dJTuc;!- 
uona] then 

D;=rD;, &c., A'=r»A,, &c., j^D; = r^A4Pa, &e., A'.Dj'^r^A.Df, fe^ 

By equation (6.)^ 

^- »A^ ^~" 

2r^A 

^ ^ « V>s - Aj)a-V^-«V^ 

-rx -- 2A " 

By equation [8.), 

=^Xg{A,D;-A,D;-A,Dj-fl,rfJ-a3^J 

f 
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By equation (11.), 

r/(rDi-rX") 
4SI 



=H'x 



/(D.-X) 
=r^xW {14.} 

That IB, THE BREAKING WEIOHTB IS ailflLAR BEAMS ARE TO BACB 
OTHER AS THE SQUARES OF THEIE LIKE UNEAft DIMENSIONa. 

The method of demonstration here used in establishing this important 

theorem may be applied to any other form of beam- 
When the aectioDs of the beams are similar, but the distance between 

the Bupporta any quantity /,, then we have 

W=y.r^ (15.) 

Suppose W in equation (11.) to be determined by experiment, then 
we are at liberty to assume 

there d a the depth of the beam^ and C a constant determined by the 
teamed relation. 
From equation (14,), W'=t^W 

_ „ A^ 

' I 

r^A.rrf.C 



rl 
AVC 



(16.) 



Hlat is, THE BRKAEIMG ITEIGHTS IN BEAMS ARE FOUND BY MULTIFLT- 
:Kq TOGETHER THE AREA OF THE SECTION, THE DEFTH^ AND A CONSTANT 
^^TEBMTNED FROM EEFERIMENT ON BEAMS OF THE FAETICULAR FORM, 
*^n DITIDING THIS FRODDCT BY THE DISTANCE BETWEEN THE SUP- 

"oaT^ 

The value of i' In this formula ia not restricted to the condition of 
^^toilirily. 




4 X 46-758 x2Ji40 
and Si= 1 7k tonfl nearly. 

In experiment 13, W=2iriG + 80=21800 nearly. 



S|= ,.. .g.^yQ^. . ...I.A =^5'5 tons. 



4x46-7854x3;e40 
^ 21800x84(3'5-'OCll) ,^ 



The values of S and S„ a» determined by tbcsc e»lculatioua, bcin^ le>» 
for llie beBm in experiment 13 than they are for the beam in eipen- 
ment 12, it follows tliat the iatter ha» a better distrihution of the maU- J 
rial than the I'ornier. And at the same timo the difference of the value ' 
of these eonstants is so small as to lead us to infer that the form of the 
beam in experiment 12 approaches to that of maKimum strength withi 
g;iven quantity of material. The eectioiial areas of the top and bottom 
flanches are to each other aa 28 : 30 or 14 : 15, which is very nearly i 
ratio of equality^ 
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Experiments by Thomas Loyd, Eeq^, Inspector of Machineri^i to 
ascertain the efTect of a tensile strain upon bars of wrought iron under 
varied conditions. Twenty pieces of 1 f S C '^ bar ininj each 10 feet 
long, were cut out of the middle of twenty ro;ds of iron. These 10-ftf* 
lengths were cut into two parts of 5 feet each, and marked with the svne 
letter. A, B, C, &c. were ftrst broken so as to get the average breaking 
strain. Aj, Bj, C\ mere subjected to the constant action of thrcc-foarlli" 
of the breaking weight for five minutes. The load was then taken oft 
and they were afterwards broken. It will be seen that the breikiof 
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{train was about the aame as before, thus proving that the prerious strun 
3ad not weakened them* 

Eiperimeut 1. 



Fint. 



Strond. 






tkb-n. 



A. 

B, 

D. 

K. 

R 

G. 

H- 

L 

J. 

IL 

L. 

U. 

N. 

O. 

P, 

R. 



1-37 
V37 
137 
1-37 
1-37 
1-37 
137 
1-37 
1-37 
1-37 
1-37 
1-37 
1-37 
1-37 
1-37 
1-37 
1-37 
1-37 
1-37 
1-37 



Hwn 



33-75 
30^ 
33 25 
33-75 
3J5U 
33-S5 
3a-75 
33^ 
3350 

33 50 
3^^ 

30S5 

34 95 
31-75 
a975 
23-50 
33-75 
33^M> 
S9^ 






39-a7 



9-lf 
»-75 

9^ 

10^50 
B-50 

H>61 
837 
90 
MfO 
7-50 
9-li 
»-K 
7-61 

l4Hn 
9-M 
975 
9-13 
8-76 



9^ 



A). 1 


B i. 


c *. 


D 3. 


E*. 


r». 




GS. 




H*. 




la. 




JS. 




Kt. 




Li. 




MS. 




N«. 




0*. 




PS, 




Q*. 




R9. 




sa. 




, T*' 




. 





Smttinc 
vngfal IB 



33-75 
33-«0 
33^ 
3S^ 
3J-50 
33^ 
33-00 
3350 
3t-75 
33-35 
33-50 
31-50 
33-75 
34W 
33-50 
31-00 
33-75 
33-75 
33-35 
31-00 






3i-31 



!-5« 
1-61 
1-56 
175 
1-75 
1-56 
1-«1 
1-50 
1<7 
1-67 

1-80 
Y«l 
Drolu mirk 1 -75 id Ir & 

1-13 

1-75 

1-75 

1-50 

1-AS 

1-13 

3-lS 



1-64 



In the fint colomna of the eiiperiments it will be observed that the 
fbice required to hrvnk the ban was 32'37 tons, with s mean stictch of 
9 inches upon twenty bars. In the seeood colninn the mean of the 
elongatione, witb a strain of 25 tons, was onJy 1'6 ineh, whereas the 
xihimate breaking strain was 32-8 tons, evidently showing an inerease 
instead of a diminntion oF strength ^m the previooa strain of 25 tons, 
to which the bare had been respectively subjected. 

Experiments made in the testing- machine of Woolwich Dockyard to 
ascertain the effect npon iron-bolt staves or iron bais to a tensile strain. 
The following reaults show the strains required for each of four successive 
breakages of the same pieces of iron as in the first experimenti 1 Jths oC 
an inch diameter S C '^. 




Dikrfa. 


TmihnakM^. 


9A«ind bmkkgf ■ 


Third bmlu^. 


FmiHhbmiB^ 


fnn la; 
(a 


TVm- 


SbFK^lt ID 


Tffiu- 


LISA 


Tdiu. 


inX 


Tooa. 


in It 

incba. 


A, 
c, 

E. 

F, 

0. 

EL 

1. 

J. 

L. 

M. 


' ■ 

in. 
3375' MB5 
3376 0-*5fl 
3^-5 1 H WO 
33'3fl' lO'SftO 
3275; saw 
3375 lO-tf^i 
33'5*H 8'37S 
33-50 ' 9'2&u 
3^'23 Dpfertifp 
^y£b DefL-cli\e 


3.V5 

3175 

35'! W 
36-S5 
34-50 

.16-50 
3ff-51» 


sno 

l'H7 
!'5 


i7H)0 

87-35 

37'5 

3fiS 

36-7 j 
3775 
3775 


1-50 
1-I2ti 


3S75 

'11 

41-76 
4 MM) 
38-GO 


Ul- 

■31 
■06 


1'95 

i-e» 
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35-67 




37-21 




10^16 





1-il 


M(?»n per ' 
B qDAJC iacli _ 


3594 




SA-M 




37-Ofl 


Sfl-30 




m 



The resiilis of the above esperimentB are higjbly interesting, as they 
not only confirm thoBi? previou^v made, hut they indicate a progrcKs^ve 
increase of QbrCDgtli, notwithstanding the reduced acettoaa] area of th& 
barB< These interesting fact» arc of coneiderable value, as Xhtj ehcfv 
that a severe teD^le strain is not injurious to the bearing powenof 
vroyght iron even when repeated to tlie extent uf four times. In pnc- 
tic£ it may not be prudent to teat bai^a and chains to their utmost hnil 
of rcsietance; it ia however aatiefactory to know that in casea of eiv- \ 
geney lbo«e limiU mny bi^.' ifpjirnnrln d ^vitliout incurring serious risk of 
injury to the ultimate strength of the material. 

It ia further important to observe, that the elongations are not in pn> 

portion to the forces of extension ; thus in the bar F, experiment 2, the 

elongation of a bar 54 inches long with 33'25 tons, la LO-5 inches, giving 

10"5 
an elongation per unit of weight and length ^s ^^ o- — =^='00^^! 

whereas an additional weight of 2'25 tons produces an elongatioD of 
1'25 inch in 36 inches length of bar, giving an elongation per uoit of 

1"25 

weight and length =^7^= —iT^='^^^^'i that is, the elongation in this 

latter case is about three times that in the former, 

Experiments made to ascertain whether a shorter bar of iron is 
stronger than a longer one of the same kind and sisc, l^ths of an inch 
diameter, SC^H. 
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Experimeat d. 
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Experiment 4. 
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Eipeiiment 5. 



I^DCth httwmi the uppen 3d incheB. 
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A. 

A. 
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e-50 
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A. 
A. 


0^ 
0-13 


31-35 
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p. 


B. 


Heuiof e1ong»tioa &'8 inchei- 


A. 
A. 


0-B7 

8-87 
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B. 
B. 


B. 
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BoaAt. 
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Ld, 




CI. 
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1-35 




C3. 


6^3 


ai'5u 




1-oeB. 
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C8. 
C4, 


e-13 
e-19 


33-50 
3175 


33-00 






Mean of doiigttioji fi-3 iocha. 


a 


6-00 


33-25 










c. 


6-37 


33-35 






B, 





Moan of daugatiDD 4-3liicti«a./ 




Abstract of the foregoing- 
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BF«*J[iiig Hnin 


U«vfi vLofi^iitiQtt 


Ha/B nippcEii 


Ed toDib 


\n incln. 


is. 






190 


^^i\ 


98 


4S 


3S-I2& 


»« 


38 


3^X5 


ert 


U 


33iX> 


oi 


10 


39-29 


iS 



jVfl tbcM expcnmcDts were made upon the aamc dci^Hption ofuODi it 
may be fairly inferred that the len^b of a bar does not in any way flfttt 
it* strength. 

Reduction of the preceding Table. 



Lcailb of h\r. 


ElacgiUioD- 


ilniE of l«E(h- 


130 

3f; 
St 

1« 




-3]fi 
-233 
-2U 

■4») 



Here it appears that the rate of elongation of bars of wrought iron ui' 
creases with the decrease of their length ; thus while a bar of 120 inch*" 
has an elongation of "216 inch per unit of its length, a bar of 10 inches 
has an elongation of '42 inch per unit of its lengthj or nearly doubK 
what it is in the former case. The relation between the length of and 
its maximum elongation per unit^ may be approximately expreaaed bj 
the following formula, viz. — 

L 

where L repreeents the length of the bar, and / the elongation periuu^ 
of length of the bar- 
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These resolts irc of lome vmliie, ta they exhibit the ductility of wrought 
iron at a low temperBtrire, and also the greatly incieaaed strength which 
it eihibit« with a reduced sectton under seTere strain. 

On iome fatnre occasion we may refer to this subject in order to ihov 
the beaiing powers of wrought iron when compared with ita elongated 
trmsverse BCCtion when reduced by forces snfficient to ensnre fracture. 

The following experiments were made to determine the transverae 
strraigth of beams, recommended by Mr. Kennedy of Lirerpool, for mp- 
porting the decks oi iron skips. 



Experiment 8.^-October 10, 1846, 

On a malleable iron beam, of the annexed sectional form, 11 fert 
7 inchea loog, and 11 feet between the supports. 

Dimensions at a=l~000in, x2Jin- 
DimensLD□s at £= '325 in. X 7 
Dimensions at es= '380 in. x4 
Weight of beam = 227 lbs. 
Weight of shack]e=885 lbs. 




WBigM 

tDlb«. 




iMd 


SroMrkt. 


665 

4,317 
6.050 
7.743 
MM 
11,953 
W&5 


-04 
-1* 

SO 

-zs 

■16 

■w 


■w 


1 

tjaniiig the we^hc Jbr wedc tinw^ the d^ectioD kept fl^ 
cTcuing until it bcDt Utcr^r io u to be no kngci tiUe to 
euttun ihe la*d. 


UltiauU dciKiion «-49, 


. 



Experiment 9.— October 10^ 1845. 

On a mslleable iron beam, of the annexed sectionsJ form (see fig- 66), 
10 Eeet 8 inches long, and 10 feet between the supports. 

Dimensions at (i=l-000in. x2f in. 
Dimensions at £= '350in. x8 in, 
Dimennons at f = '440in.x4-30in. 
Weight of bcam=247 lbs- 
Weight of Bhackle=8^ lbs. 



Welrhi 

Ld iW 


m Enr-bn. 




fiODBrkk, 


S^ 








3,1131 


-04 






4,358 


'12 






«,008 


■15 






7,837 


■1» 






»,&SA 


-?l 






n^7fl 


■26 






13^80 


■30 


03 




U,G£^ 


'35 


■03 




lfl^73 


-i^ 


■0!> 




IS.IU 


•en 


<SG 




I?4,£i«i3 






Wiih Ehia vdf ht ilx bum «q3 diilorted uitl the eipe^ 
meat discoDlJaucilp 


UUimlte d^ftCtioti =71. 





ta - 

^^H Id both these experiineQta the beams ^i^lded to iHteral deflectioa, 

^^1 showiog certain defcrta of form arising from tr&Dt of lateral Btrengtb vid 
^^M breadth in the top and bottom flau^E, 

^H E^erimcnt 10.— October 10, 184.5. 

^^f IVIalkable iron beam of the eame form as the last, 10 feet 7 inches 

W long and 10 foet between the supportB. 

^^ Tbickncaa, a=I-000ia.x2-75in. 

^^^^ Tbickuc«^, ^= '380in.x 8 JD< 

^^^^^ Thicknesf), i^= '420 in. x 4-30 io. 

Weight of beam = 270 lbs. 



!et 7 inches 



Eb [Ita. 


Id IdibeiF 


l04d 


Hfuarbb 


9,606 

o.m'i 

7,835 
0,5 Sit 

13,9!ra 

IS,I07 


U2t» 
■(«W 

■iw 

'3.10 
■MO 

■370 
■i75 


■04 


With tf 1^5^ LIjb. the deflectiDD iDi:TCa£Gd lb faur ruinD'A 
■rJij : in Ihi? ziFil fDiir rnmiiCcs '10; iiTid in four mimtfo 
ta\ivi- ii liBit Hunk lo ■d-t. 

mcnt wag dieconimaed. 


Umtnate deflection >'fi- 
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In theie e^ienmeatB it will be neceBsary to remarlc, that they were 
niBde with the narrow flange appermost ; b podtion c«ther fkyotirahle to 
the fltrength than otherwiae, on account of the incresfled sxe« of the top 
flangCj whieh a equal to 2'75 inched ; and the bottom fiange is only 
1-8 inch, a circumstanee [dedaccd from Bnbwqnent eiperiments] &vonr- 
■ble to the reaisting powers of a wron^t-iron beam- 

M<meh£$ttr, April 10, J850. 
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Experimental Besearches to determine the Strength of Locomotive 
Boilers, and the Causes which lead to Explomon. 

A difference of opinion having arisen between a gentleman high in 
authority and myself concerning the canaea of an accident which took 
place through the explosion of a locomotive engine at Mancheffter, on the 
Eastern Dirision of the London and North- Westem Railway, I deemed 
it necessary to institute a series of eiperiments, not for the purpoce of 
confuting the arguments of others or coniinniug my own, but to deter- 
mine the real causes of the explosion, and to register the obserred 
facts for our future guidance in guarding against such fearful cata- 
strophes. 

After a careful eiamination of the boiler a few hours subsequent to 
the explosion, I found one side of the fire-box completely severed from 
the body of the boiler, the interior copper boi forced inwards upon the 
furnace; and with the exception of the cylindrical shell which coven 
the tubes, the whole of the engine was a complete wreck, as exhibited in 
the annexed plate. 

Mr. Ramsbottom, the Locomotive Superintendent, in his Beport to 
the Directors, states that "the engine in question was made by Messrs, 
$lurp> Boberts and Co. in the year 1840, has been worked at a pressure 
of 60 lbs. per square incb^ and has run in all a distance of 104,723 miles, 
a great part of which has been either entirely without load, or nearly so. 
As the cylinders are only 13 inch diametcTj it has been for some time 
too light to work any of our trains; and has therefore been chiefly em- 
ployed since 1849 in piloting the trains through Standedge tunnel, along 
with another engine of the same srzCj which i« now at work. 
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" The fire-box nsa orlgiuall^ -rt^^^ "^ ^^ "^^^ thick^ and u now a little 
orer -^tlia of an inch ; and from its eTCcclleot condition, might well be 
suppostd [ae indeed it wa3 by Mr. Sharp, of tbe tirm of Sbarp Bratlier^ 
and Cu., who inspected it & feiv days aft(>r the acoideat) to have been re- 
cently put in new. It is perf€rtly free from fiaw or putcb, uud would 
certainly have run at least 100,000 miles. The same may also be said 
with respect to the outer shcl], srhich la nearly of the origiual*thiekiicSd> 
The engine had hetn in the repairinfr shop the three monihs proviona to 
the arHdent ; and the iron firo-boic ?tays, about which ao mue h haA Wd 
BQidf were teated by the hammer in (he usual nay, and ^~erc coueidered, 
both by the workmen and the foreman^ A\'heatley, to he ftll sound. 
When originoHy modo^ they were -j-^ths in diametcrj and were equal to ■ 
strain of at least ten limes the force they bad to analain. With ihi? «- 
cirjuinn of one stay, whJeJi was on llie lop ruw, the cjjie mo&i reiluced 
from ondalion w&b half-iueh diameter; and supposing the hold on the 
copper t)OS to have been good, it vttis capable of resisting a straia of 
rather more than 6^ times the working preaaure, equals say, to 3!>01ba. 
per aqnare inch. The only point therefore whieh could admit of doubt 
ftH to the safety of the boiler, was with respect to the bold which the 
fttays might have in the copper box i but it eippeBrs, from cjcperimeuU 
which I have Bince made, and which arc abuiit to be re|i«aL'd by 
Mr^ Fairbairrij that from the force required to pull some of the old st&j* 
out of a copper plale similar to the fire-boi, into which ihey bad beca 
screwed by the o/d thremls t/u!i/f and nof riveted, the boiler could not 
have burst under a pressure of less tlian 800 lbs. per square inchn One 
of the old Btays^ which had bad the thread pitrtiully damaged from being 
ripped out of the copper bos by the explosion, was screwed by baud intu 
a cojiper plate, by (he old thread, to a depth equal 1o thL- thirknesii of 
the fire-box plate, but not riveted, and it required a dead wEight of 
82011b8. to pull it outj and as each slay has to support 8 onrface of 
5 inchfs^ X5^ inches, say 27 square inches only, it follows that a pref^urt 
of ft204"i-27 = 303-85 Iba. per square inch would have been required u> 
strip it. 

'' Another stay, which had not been stripped by the explosion, but 
which was screwed out of the old bos, was siuLilarly treated, and n- 
quired a force of 9'!^ Iba^ to strip it, equal to 310 lbs per aqiuR 
icch." 

Since the eipenmenta here referred to were made, I have Kpaid 
them with great cure ; and taking into account the tensile slrengtli <^ 
the stays — in their corroded state — of the side of the lire-box^ whidi ^^ 
appearance wajt the lirst Ui give way, 1 find that a force of 380 Ibi. il|ioii 
(be sqimre inch would be n^tiired to efTecL rupture ; and the reaul 
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xhe erperimftnt* mi tht rbarstancc of Btsyt ncrfveij into the ropper tire- 
box fully cunlirm thui^e alreEidy raaile b^ Rlr. Itaiuabi>ttuiD. AssumlDg 
therefore ihat tbc cnda of the Bcrcna vcrc riveted, nnd souad tn other 
respects^ we may reasonably conclude that & etrain of not le«8 than 450 
to 500 iba. upon ihe square inch would be rotjuircd to strip the screws, 
or tear the viaya ikemst^ves asunder. I havL- foimdtd ihesiz facts upon 
tLc eiperuncnt of the reaiatin^ powcm of the iron stay screwed into a 
portion of the copper cut out of the ruptured tire-box, and another expe- 
riment of & similar atuy Erat and then riveted^ m ehown in the annexed 
iketch. 

» Tlie n(ay marked A, |tbs of an inch in diameter, in the fint eiperi* 
mcnt required a force of 18.260 Iba, — 8"1 
toufi in strip the screw, and draw it out of 
the copper; and the slay B, of enaetly the 
uune dinienaiom, hwt riveted over the end, 
required a force of 34,140 lbs. = 107 ton* 
before it was Jifilod^ed*- Taking there- 
fore the mean of those experimcnta, in- 
ehlding Ihoae of Mr, RaniabQltom, and we 
arrive at the results given above, namely, 
t reaisting power nf 785 Ihn. on the square 
inch, to burst or produce fracture in the 
stays and side of the tire-box. 

In locomotive engines of more rcecui 
conatruclicjn, wJiere the stays ar<" thicker 
and formed into squares of J-to i^ inches, 
the reaiatinp powers will probably be in- 
crcA9cd to 850 or 900 Ehs. on the square 
ineh, that is, 7 or 8 tiniej* the working pressure. 

On a careful ciamJiiritiou of the fire-boi and every othtr part of the 
boiler^ it was found that iLc stays and copper were perfect, tind that they 
were able to stiatdin a pressure much exceeding 207 lbs. upon the square 
ineh^ Rs given in the following tahle^ 

In theMe experimepts, the top of the Sre-bux tmwk » little, owing U) 
the breaka2:e of a bolt of one of the cross-bars j hut (he fire-box stays 
were quite perfect, and to every appearance would have sustained nearly 
double that prt'ssure- If the fire-bo^s stays bad been new and the top 
welUitayed, it is more than probable that a force from 800 to 90Q lbs, on 
the square inch would have been required to cau^e rupture. 

As much atrcM has hocii laid upon the weakness of the staya which 
nnttes the flat surface of the boiler to the sides of the iire'bo:c, the fol- 
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lowing cxpCTLDicntB clearly indicate that tbc fire-box stays arc c 
weakest parts of a locomotive boikr, uud that \vu have more to fc!arfram 
the top of rhe famaee, n^h.ioh under severe pressure ie almost invariably 
the first tn give way, Grcnt care shmiH therefore he observed in the 
conatrnction of this part, ua the crosa-beamjt should not only be HLrong, 
but the bolta by which the crown of the fire-box n auapeadcd should 
also be of eqiiul strength, in order that co diacrepani^y ahoiild exist, and 
that alJ the pertB should he proportioacd to a resiaring force of at least 
500 lbs- nil the square inch. ^H 

Fmdiug our linowled^ with re^rd to the pover of rcftisttmce of lucw^l 
motive boilers to strajn exceedingly imperfect, I availed myself of the 
present opportunity to determine by actual expcnment the laws un vhich 
the.^e powers are foiindi?d; jind for this purpose the Dii-ectori of I h e 
London and North- Western Railway Company placed in my hands i^^| 
engine ot" the same age, cotiatructed by the »ame makers, and iu even^i 
rc^peet a fae-sLinilc of that wbieh exploded. This cii^e was uubjecttd 
to hydraulic pressure ae foUona : — 



« 



E^erimeal made Mny Mh, 1853, to dftfrmiw the Remtirig Powers a/ 
//wr Firf-fHi!f find Ertiru/r Shell of Ao. 2 Eu^htp an thf. Enstern 
sion of the Loiuhn and Norih-Westerji RfiHwar/. 

In this experiment, the boiler Vfab funiiahed with a vnlvc. A, of 
I inch are^j and a lever of the annexed dimensions, aa per sketch, 



Wf a^ 




Thia lever, 15 : 1, ga;-e as the weight upon t\xc vtJve 35 Iba., uud ham 
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foflpended tiie bmIcj which indicated with the lever 50 lb»,, the following 
rcsnlta wereobtamed: — 

Table I. 
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^tta tlui praman me of the bdti of the ctob-Iib- onr 
the An-bot bntb, wtudi cuwd ibe experiment to ht 
diiconluiaed, u the lakjje wu pvmlcr thu the forcb- 
pump coold mpplj- 



Prom the aboTe, it is evident thst the boiler which led to these eipe- 
rinieuta could not have bnrat under a pieasore of len thui 300 to 350 Iba. 
npon the aqiure inch, u the fiulore of a ungle bolt in one of the crovs- 
bcarera above the fife-box, nnder a preasore of 207 Iba. on the ■qoait 
inch, was not the meatore of it« strength, but one of those acddcntal 
cireanutanoea which ia calculated to weaken, but not absolutely destroy 
ha oltinute powen of resiBtance. I have been led to thia conclosion 
from the &et of finding the upper pail of the fire-box in ererj rapect 
perfect. Afier the removal of the preaaure of 207 lbs. on the square 
inch, and comparing these expenmenta with the appearance of the crown 
of the raptured fire-box, I am confirmed in the opinion that vteam of 
high elaatie force moat have been present to csuie the disaatroas ex- 
plosion whidi eventuAlly occurred. 

Again referring to Mr. Ruuabottom'i Report, he states, — " That it 
baa been objected that the ateam could not have been raised from 60 lbs. 
per square inch, the preaaure at which the safety-valve waa blowing off 
before being acrewed down, to the preaanre atated by Mr. Ftirbaim in 



twenty-five minutes j but although I du not go all Ihe way witlr" 
Mr, Pairbaim aa to the atrength of the boiler, I Sud, fram esperimentB 
made upou a boiler of aoiuewhat aimilar dLuieudioii^, and placed aa nearly 
aa possible under the same circumstances, that the ateaoi w&s rai&ed fmm 
30 ibfl, per square inch to 80 lbs., &s abown by Bourdon'a etcam-gavigo 
according to the following ecale, nainelyj* — 
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These expcrimenta, allhonj^h perfectly afltiafaetory ra rcg&rde the time 
required to raise the ateam (under ordinary circumstances of the cnginer 
standing with the firt lighted, and the usual quanrity of coke in tbe 
furuace) from 30 u|] to 801b». un the square inch— 4t was DcvcrtLelen 
conaidcrcd desirable to repeat them through e still higher scale of prcai- 
ore and temperature, and to ascprtain. Dot only the exact time, but ihe 
ratio ofincrpasej and the corresponding temperature of the steam in ihe 
boiler as the pressure progressively increased. For these objects, two 
delicately constructed thermometers were prepared by Mr. Dalgettij and 
having adjusted Bourdon's pressure-gauge by a corresponding column 
of mercury, and an engine having been placed at my disposal^ the following 
results were obtained : — 
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S^xrimeni made May Ith, 1853, to determme the rate of Inereated 
Pretnre, Temperature of Steam, ^c. m a Locomoiive Engine with thff 
8afety-vake aeretoed down and the Ih-e under the Boiler. 









Table II, 
i 
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higher tempcnLurc- 



Let us DOW endeavour from this table to discover the law eiq»ressiDg 
the relation between the time and preaaore^ or between the time and 
temperature*, 

TheobflervationsbeingmadeatiiitervHlHof one minute of time, andtbe 
furnace being maintained at the same intensityj it maybe presumed that' 
the quantity of heat communicated to the water was uniform, or that 
there were equal quantities of abHolute heat communicated to the boiler 
in equal times. 

The column of preseurea gives the flnccesaive augmentations of prea- 
rare at equal iutervala, and the column of temperatureB givea the corre- 
sponding augmentations of heat as indicated by the thermometer. 

The column of pressures shows that the increments of pressure, in 
equal intervals of time, increase with the temperature ; thus at or near 
260° the average increment of pressure is at the rate of 3'llbs. per 

* I sm indebted to my friend Mr. Tate for the mstbematkal snalyns of thii 
qiKition. 

e 



minute; at or near 282°, it is 54 Ibsi per minute i and at or new 336*j 
it is 71 lbs. per mmate^ 

Mr, Uarasbottom'a tabic of experiments indicatoa a Bimilorrcaiill ; thus 
at or near S6S^ tLe average inorement of prcsame is at tlit^ rate of llba^ 
whereas at or near 304* it is at tlie rate of 5 lbs. per minute- 

The la«, therefore, ciprcBsing the rdaliou of tirae and presaure do« 
not appear to admit of assaming a wimple form. But the case ia dif- 
fertjQt with reepeet to the law cspressing the relation of time and tem- 
perature. Thus if T = tempflrHUire in degreej-. and t = i[ic time in mi- 
nutcB at ffhicli this temperature La obaerred, estimated from the cotD- 
mcnccmeot of the cxpcrLments, then 

T=flyf+6 (I) 

will give thfi relation betwen T and t with great precision where a and 4 
arc constants, whoac raluca, derived from thcK experiment*, are«=s4'41 
and/>=— 486. 

For example, let f=l66, then 



which eiactly corresponds with the tabular value. 
Again, tetf = 180, then 

T=4'44x 180-486=3132; 

in tlufl case the tabular value \s 313°. 
Again, let /=: 185, then 

T=4-44x 185-48Ci:.335M; 

in this case the tabular value is 335°' 6. 
From this formula we find 

T-H4S6 




(= 



4-44 



(3) 



If tj= the number of minutes which elapse between the temperatOKi 
T and T^ then we find from 29 (1), 

T,-T=4'44;^; (8) 

which shows that (he temperature increases with the time ; and preauming 
that the heat of the furnace remained constant, this formula also shows 
t'ti^i equal increments of absolute heat produced equal increments ofscmible 
temperature as indicated by the thermometer. 

To determine the time, estimated from a given pressure, at which the 
boiler would burst, — 

1st. Let the given pressure be that of the atmosphere, and let the 
boiler be able to sustain 210 Iba, pressure per square inch. 

From an experimental table of pressures and temperatures, we 6Dd 




2401bfl< presBaittocom*poiidto408^taDpentnR, and 1511m. pressure 
to 212° tempentuic j lieiice we hm by fmmk (3), 

403-212 .^ . , 
*i-= 4.^ =^ minuto, 

which is the time in which the boiler would bunt, e«tiziuted from the 
time at which the water begim to boil. 

Slid, Let the given pressure be 60 lbs, per tquare ioch^ and the b(»ler- 
preasnre 240 lbs. per aqoare inch, then 

. 403-296 ^,; . , 
i{= — J-..- =24 1 nuQQtea, 
' 4-44 

Srd, Let the giren preacore be 60 Iba, per sqaare ioch, and the boUer- 
preaanre 800 Iba., thai 

^ 422-296 „„ . ^ 
L= — -T-j-. — =28 mmateft, 

' 4"44 

which ii nearly the time in which the boiler eiperimcDted upon would 
bunt. 

These facta appear to be Huffidently eondasive to enable ns to judge 
of the dangerB to which people expose themselve* under circumstances 
where the necessary precautions are not taken for allowing the atram thus 
generated with the fire under the boiler to escape. The great majority 
of accidents of this Icind have arisen daring the time the engines are 
standing, probably with the safety-valve fastened and a brisk fire under 
the boiler. How very often do we find thi« to be the case in tracing 
the causes of theae melan^ly and nnfOTtanate ocrurrencea 1 

The atatements contained in the earlier part of thia paper regarding 
the atrength <^ the ataya of the fire-box would have been incomplete if 
we had not put those parts of a locomotive boiler, comprised in the fiat 
flor&ees or ddea of a fire-box, to the test of experiment- 

Thia was done with more than ordinary care ; and in order to attain 
coocluaive results, two thin boxes, each 22 iucbes square and 8 inches 
deep, were constmcted ; the cne correipoading in every respect to the 
■idea of the fire-box, distance of the stayH, &c., the same as those which 
composed the exploded boiler ; and the other formed of the same thick- 
ness of plates, but different in the mode of staying, which in place of 
being in squares of 5 inches asunder, as those contained in the boiler 
which burst, were inserted in squares of 4 inches asunder. In fact^ they 
were formed as per annexed sketch (figs. 4 and 5), the first containing 
16 aquarea of 25 inchea area, and representing the exploded boiler, or 
old conatruction ; and the other, with 25 aquarea of 16 inches area, 
n^raeoting the new constmction. 
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Td the flat boxes thus coiutnicted, the suue lever, Talre, uid weigjit 
Tcre Attached u naed id the previotu expenmeDtaj aod having applied 
tlie pumps of a hydraulic press, the fbllowiug resolU were obtained : — 

TAbLB lU, 

Ea^taiwtetU Ut. — ^To determine the nltimale Strength of the Flat Sor- 
&cca of Locomotive Boilen when divided into aqiiaro of 25 inches 
area- 
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The shore experiments arc at odcc coDclusive as to the sapenor 
strength of the flat sarfacca of k locomotive fire-box, as compared with 
the top, or CTCD the cyliDdricsl part of the boiler ; but taking the next 
experiment, where the stays are closer together, or where the areas of 
the spaces are only 16 instead of 25 aqnare inches, we have an enor- 
mous reaieting power; a force much grater than anything that can 
possibly be attained, however good the construction, in any other part 
ofthebcokr. 




Expmntent 2nd. — To determine the ultimate Strength of the FUt Sar- 
facea of Tfocomotive Boilers when di^nded into equares of ]G iccheja 
area. 
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In the above expcrimeutSj it will be observed that the weakest part ti 
the box waa not in the copper, but in the iron plates, which gave vvj 



ATFEIDIX, Lui 

by stripping or taring uiuder Uk thraids or tenwt in put otf the tron 
l^ate at the end of the it^y m&rkcd a, fig. 5. 

The mfttlimiaticml theory voiJd leid ilb to expect thmt the stren^fa 
of the plates woold he mccrK/y at ike ntrfaett b^iiteen the $tayi ; hut a 
eompMjnmm of the resnhs of tbeae experimeDt* short that the strength 
decrcuet in a higher ratio than the increase of space between the stays. 
ThjUf according to the mithemitical theory, ve ihould have — 

Ult. strength 2nd pUte per ■], in.sstreogth tst plau x | j 

-=S]5xf| = 1273]ba. 

Now this plate mstained 1625 Iba. per Bqiiaie inch, shoiriiig an eueas 
c^aboat one-foorth above that indicated hj the law, 

Hua is in eieen of tlie force required to strip the screvof astayj^tha 
of an inch in diameter, such as those which formed the support <rf the 
flat sor&cea in the exploded boiler. 

It will be found that a close analogy exists througbout the whole ex- 
periments, as respects the strengtbs of the stays wheu screwed into the 
plates, whether of copper or iron; and that the riveting of the ends of 
the stays adds to thdr retaining powen au increased strength of neariy 
14 per cent, to that which the simple screw afftnds* The difference 
between a fire-box st^ when aimply screwed into the plate and when 
ri?eted at the ends is therefore in the ratio of 100 ; 76, nearly the same 
as shown by experiment in the Appendix. 

It is deairable, therefore, that we shoold aacertiin the strain exerted 
on each stay or bolt of the fire-hot. 

Let A, B, C, D, E, P reprewnt the ends of the Fig, 6. 

bolts or sUys; Oi, O^ 0^, 04 the centres of the ■ o c 

squares forined by the bolts. Suppose a pressure „ 

to be applied at each of the points Oi, O,, Oj, 0^ °°t ** 

equal to the whole pressure on each of the ^O O U 
squares, then the central bolt A will sustain one- o^ \ 

fourth of the pressure applied at O^, also one- O O O 
fourtb of the pressure applied at 0^ and so on ; 

so that the whole pressure oa A will he equal to the pressure applied to 
one of the square surfaces- Hence we have — 

QIC w 91^ 

Stnun on the sUy of Table I1L= ^^^ =9 tons. 

Strain on the stay of Table IV. = - ^o^" = ^ U ^^^ nearly. 

The stay in the latter case was j^ths of an inch in diameter ; hence 
the strain upon one square of section would be about 13 tons, which is 
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CDBmvnBij wiuvDi tn Mnito « rapc&R « Miwigut mn 

In tik oyaiiitiM i bciv i^Dcd Ics it HHi be Wne k imbd Aflt 
(bf^ irctcBadeon pbtei tiid it^ at B tcspcntorc not <>TPfiAngSOP 
of F«hivDkcit ; and the qaeMjaa vtfanJlif «ecitti, » to whM voold be 
ibr diffi^rnife t4 aCrto^th nzicler tbe ■■*—**■ ola greallj mgretd ton- 
|>eratare in tbc water lomMndiAp tbe fire-boi, aitd that of the uma- 
dcMcnt fuel accia;^ apoo tbe oppoettc BUrfiec <if the platca. 

Thift i« a qnesCioD DOl eaaily uuwend, aa we have do caperinenul 
fact* 4Tiffid«iktiy aoMirate to rrfer to ; and the difference of temp^ainrr 
of the furnace od one aide, ta compared with that of the water ua the 
other, menace* the difficulty, and rcndcn anj iDTeatigatioQ cxcecdiaglj 
mwiiifactCTy. Jod^sg, howero-, from practical eiipenence and obacr- 
fHtiuD, I am intUned to think that the atreii^h«of the metab a/r nut 
much deteri^rraled. My npehiairnts on the efiect^ of temperature an 
caat iroD * dfj oot indicate much Ion of atn^u^ up to a tcmpcraton <£ 
600^. A«inmiQg therefore thai copper nud wrought iron plates follow 
the wmc law, oad taking into accoant the rapid condactiog powert of 
the former, we may rt^Aonably eonciude that the resiftting pawera of the 
plat<» aTkd Htay» of loctimotivc botlera are not aenou]*ly aFerted by ihr 
incrrjued taoiperature to which Ihcy arc subject in a regular course of 
wr>rk;ng. This part of the subject is, howuver, entitled to futore eoa- 
Hidcratirm ; and I tnut that aome of our able and intelUf^ent Bupehii' 
tendcTLlB will inHtitule further inqvuries inlo a quention which ioTolvo 
4?(jni!iiderati4ins of some: impirlance to the public, M well as to tbe ad- 
vancement oTour knowledge in practieal science. 
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Id order l^ teat with accuracy the tensile power of tbe different dc* 

Bcnptiona '^f atay» used in locamotivc boilers, and to effect & (Xnupari- 
iOn between tho»c serewed into the platei and those both screwed and 
riveted, it vtait deemed i^apedient to repent Mr. Ramahottom'a expm- 
mcntn OD a larger scale ; and by eitcuding the testu to cu|iper stay* la 
wcil BB iron une^, it was cuoBidcrcd that no doubt could exist a« to tbc 
ultimate strenglb of those simply acrewcd, the tensdc powers of the at»yB 
tbcmsiOvti, kind the rrUtive rhfTerr^oee between thoae and the fijiiilud 
ilayn when nrrEwed aud riveted on both sides of" tile fire-boi- 

The Urgt' k'ver anj req«iisLtc apparatus berng at baud, the eipfri- 
mcnta procccdi-d as follows: — 

■ VuJ* thf Ttsniut;oDi of ihr Itritith AiUfluiinnfortli« Adrucementof Sotatt, 
vol. Tip p. 406, 
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SxpenmeiUt to determine the' UUmtde Stremfik of £ron taid Co^er Stayt 
ffeneraify V9ed in wuHnff the Jhi nafiuxt of Loeomotw Btfi^ 



fixPimiMENT I, — iron Stay, ftha of an inch in 
diun^r, MTCwed into a copper plate gtha of 
an inch thick. 
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ExFEKiHBNT IL — Iron Stay, fthn of an inch 
in diameter^ Krewed and meted into a 
cc^>per plate Jtha of an inch thick. 
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ExPEKiHENT III, — Iron stay, |ths of an inch 
in Uiajiiiter screwed and riveted into an iron 
plate Jtha of an inch thick- 
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l^FERiHENT IV- — Copper Slay, Jtha of an inch 
in diameter, screwed Jind riveled into a cop- 
per pkic fths of an idcIi thick. 
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It will be oLservetlj on comparing tlie results ohlained from the ahore 
esperiuieai} (but iron plates and iron Btayn art: [.ttn^tJcrahly stroiigtr 
tban thoac made of copper. It may not be &dvisAl)lc to have the mU> 
tior fire-hox made of iron, on nccoiiot of ita iofcnor condui;tiiig powera 
and its probable durability ; but so far a-S regards atreugtlij it ia infiniteJj 
superior to thai of copper, aa may be seen by the following 
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Ou the above data, it will be found that the iron stay and copper pktc 
(not riveted] have Lttle more tJiiin one-half the atrenj^th of thoac wbcrt 
both are of iron ; that iron stays screwed and riveted into iron plates ani 
to iron stays screwed and riveted Into copper plutea as 1000 : 35G; su^ 
ibat coppc^r stayo screwed and riveted icto copper plates of the fiune 
dimcnaions, have only about occ-hall' the atrcnglh of tboae where botb 
the stays and plates are of iron. Theac are facta in conncjuon with the 
conBtnictioD of locomotive, mnrine, and other description of boilers haidug 
flat surfaees, which may Bafely be relied upni, and tliat mort purf icolarly 
when exposed to severe strain, or the claatic Force of higb-preisAurc 6iam. 
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APPENDIX in, 
Boiler EapUmon at Rockdale, July 1354- 

tn accordance with instnictioiLs it^ceivcd irom the coronf r aiid jury in 
ca»c, 1 riffitcd the scene of tlic accident on Mouday luat, uod havib^ 
}c a careful inspection of the debria which covers the premiacfl, site 
fd boiler, atearn-cngioej &c^ I have now lo report aa follows^ — With 
the eiccptiOD of some pai'trs of the boiler and frag'tncutal parts of the 
machinery, which had hctji removed when searehing for the bodies of 
^thosc kjUcd, 1 found the buildings, stcam-cnguic, boiJer, and machinery, 

heap of ruins. The boiler waa torn into eight or ten pieces, one 
portion (tie cylindrical parr) flattened and imbedded at a coDBiderable 
depth in the rubbiijlj, and ihe two hemJHphifriial ends btirat usnuder and 
driven in opposite direettnns to a distance of 30 to 35 feet froiu the ori- 
ginal seating of the botkr. Other parta of the cylinder and cnda were 
ircjccted over the buildings across Gaithouiic Lane, and lodged in a Md, 

a distance of 90 yards from the point of projection. To one of these 
parts wu attached the 2-Lneh Hufety- valve, wliich waa torn from the 
boiler by the force of the cxplouon, and carried along with ita seat- 
ing orcr a rising ground to a distance of nearly 350 yards. The other 
portion of the cj'UndrieaJ part of the boiler was fonnd on the opposite 
aide in the bed of the river, and the hemispherical end of this part 
(fmihest from the furnace) was rent in two^ and thrown on each side to 
a distance of 30 or 35 fcct^ Thcac two pieces had evidently come in 
contact irith the chimney, raaed it to the ^nnd, and finally lodged 
themaelvca on the margin of the river- The S-inch safety-valve and 
pipe attached to that portion of the boiler imbedded in the river was 
broken ^m the daugCj and with an extended range the 2-inch valve was 
projected over the river into a meadow at a distance of 150 to 20<) yards. 
Of the steam-engine there ia not a vestige to be accn^ except the lly-wheet, 
and a pump-rod which lies beside it, covered with bricls. This was 
tht^ ittatt in vfhi^-h I fonnd the remains of the boiler and Htcani -engine, 
and looking at (he havoc done to the prcmiaca, the complete demolition 
of the buildingBf the fall of the chimney, and the force of the projectileSj 
it is evident th^it the density of the «team must have been much beyond 
the ordinary wcirlLingpre»<Finreor 50 Ibn. to GO lbs. on the square inch. It 
would seem from the position of the difTcrcnt fragments, arid the appear- 
ance of tbc end of Mr. IJotlomley'a mill (which is covered with the ficdi- 
mant of the steam and water), tlxat the boiler, or the cylindrical pan of 
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it, must )itve riaen verti<:aUy ; or rather, that the foresee at the moment 
of rupture must have acted from a common centre, driving tlie b^mi- 
sjiherical ends lu t^ppoaile directlooH, ti^ariiig upcji ihe body witli a force 
that wonld raise it vertically ; and having eDCOUJitcrcd the buiidingi and 
other rcsistancefl, would Again descend almost close to the epot from 
whence it ww projected. The springing of a miue could not have beea 
more de^^truclive than Ihb ex|ilotfiuM, wliidi resulted in the tt^&ring uf 
the boiler into stripa, and the dcatruction of everytbiDg with which it 
came in contact. In attempting to arrive at the force of the c:tploaion, 
the jury will probably bear with me whilst 1 endeavour to trace the cause 
whi(?h ]ed to this deplorable accidcDt. The EaAlc is surrounded with some 
diffieuUies, ^uch as the want of au accurate knowledge of the state of tht^ 
aafety-vaives ; the density of the atcam at the momeat of rupture ; the 
ultimntc atreugth of the boiler, &c. , — and I shall hove to enter a little 
into detoi], and make a few eompariaouB which I trust may be uscrful to 
those ertruBtcd with the mana^ment of boilers and the employment of 
flteaiu of increased density and great elaalic force. It has been calca- 
Iflted that gunpowder impels a body before it with a force 1*44. tunc* , 
greater than the pressure of the atmosphere, whiehj taken at 15 Iba., givet , 
244 X 15 = 3fi601hs. aa the force upon a square inch of surface. This 
would ^ive nearly 30 tons upon a piece of {irdnaucc of 6 incbea calibre ; 
but to thia muat be added the augmentation of elastic power derived 
from the heat generated in tiring gunpowdcrj which raiaea it up to 999^ 
or 1000. Atmospheric bullets discharged with thifi force, or rather with 
a proportionate charge of powder, will leave the muazle of the piece at i 
velocity of 1700 feet per Becond, or nearly 20 miles a minute. Now» if 
we compare this with »tcam at 300 Iba. on the square inch (which I hnd 
ia about the bursting presfiure of the e^loded boiler), we ahalJ lind ibai, 
howaver disastrous the efiecTe of boiler exploaions containing high vteam 
may bcj they are not to be compared — although sufficiently appalling — 
with gunpowder as an agent of destruction. I have made this coinpi^H 
riaou to show that etcam and ateam-boilcrs, although not ao dangerous iV^ 
gunpowder, are nevertheicBs sufficiently so to be placed iu the calt^iy, 
and ought to be treated in the same manner, and with the same precBulion. 



In the question before UB, I find the boiler with hernia pherieal endft ISfi 

if an inch ihit 

re of 335 lbs. 

^ 'the m thiekneoi 



l8fK^ 

long, 5 feet diameter^ and composed of plates y^^ths of an inch lhte^^| 
[a] to be equal iu its powers of rcaiatance to a pressure of 335 lbs, ti^^ 



the square inch -, but finding one of the plates under |-^ 
I have reduced its power to 300 Iba., which I consider the force at whi 
it would burst. Now, if we lake 300 Iha. as theprcaailreeserteil agitia 
evcrj square inch of its surfaeo^ and its supcrticies at 41>000 incbc» 
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i>ve pent up in diia oomparatively smaU vcawl the enomioua force of 
ll,rMX) + 300 = 12,80(^000]b».iOr5491 Iohb of elastic force enveloped 
m bh iron cue of little more than ^th of sn inch in thiokneAs, A kcow- 
letlge cf this fact woiilJ ap[>tBr tn }jt Mifficient to placir people upon their 
^ard a« to tbc daD^ra to be encountered by tani|Knng with ou agent 
of sncb mighty power &b impnBoned atcam. The relative voJutoc of 
Bteam at the presgore of the atmoBpbere is 1700 timei that of water, at 
higher teiuperadire^ and mcrcased density the-, vohime U reduced in a 
giTCTi ratio of itfi tcmperatun: and density ; and It is also observed, th&t, 
when ateam is generated in a boiler^ the tomperatuie increases with 
the prcfiHure, and tfUe virrsd the prcasiirc increases irith the temperature. 
It ift impoflaible therefore to increflse the temperature wilhoul increafliog 
the prcsaure. In this state^ therefore, ateam la ai ita inaximnm of den. 
sity or pressure vheo compared with its temperature. This correa|X)iid* 
enec of temperature and prcaaure only arises when the Atcam is in the 
boiler i^th a sufficient quantity of water to supply the quantity gene- 
rated or giiven off to the engine. At other timea, when the communica- 
tion with the boiler is cot off, the maiirnum ceases for want of water to 
supply the quantity earned off, and which is necessary to inercaAC the 
preadure*. Knowing theae facta, it will be seen that Ln boiJera having an 
active Sre burning under them, the engine standing, and the ftafety^valves 
faal ^it matttfra not how), the tt^mperature will riae, the preAniire increHMc, 
and ejtploHion ensues unleaa relieved by starting tbc engine or letting off 
this dangerous accumulation of temperature and preaaorc. How careful 
ought we therefore to be, to look to the valves, to regulate the firea, and 
to keep down the presfure below the dangeraua point of reaiatanec j and 
how very serioua che responsibility, when either from jgnorance or neg- 
lect, the force i^ allowed to accumulate beyond all powera of reaiataccc ! 
Steam^boders of every deaeriptiou should be eoDatructed cf aufficlcnt 
atreogth to reaiat eight times the working pressure ; and no boiler should 
be worked under any drcumstancea whatever unless provided with at 
lea8t two — I would prefer three— sufficiently capocioiis nafcly-valvea. 
Two of these valves should be nearly equal to UoubJe the area of the 
steam porta of the engine they are intended to drive, and the other about 
one-fourth that area as an indicator of the prcRiure. These jirfjvi«mnii 
madf, I woulJ, under pulihc sanction, dt^tennine that no atcoin-boiler, of 
whatever deacnption, should be uted without them; and tbcnc again, 
when properly apphed, should be placed m the bandx of Ibe proprietor 
intendiug to work them, and whetber ignorant or converaant with the 
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mliJFct he should be lo&de reaponfiiblt-, and tTi&t to the fuUert extj^Dt. Tn 

the pre«ut instance, I bclievt; (liat biith Mr Wilhanason and his engineer 
are ignorant of the propcrtica of atcam, and the cart that la Qcccsaary for 
retaining it within bounds of control {6} , TbisLB> however, no «iciise for 
the accident tbat has occurred^ or for the neglect on the |iart o( the engi- 
neer in alluwii]^ hia aafety-ialves to get out of order, and for i\iG losses 
ultimately Bu stained by families who now monm the Iom of their relative* 
and friends. In tbia caae, any more than in others I have been calli^d 
upon to ioveatigate, t am not advocating the interference of the legisla- 
ture, hut I sLrotj^-lj^ sUHpeet thnt that interference is more than liktly tn 
take placCj unless greater precantiaa^ art taken to protect the Uve» and 
limba of the ccnimuDity (c). It ha^ been my duty, on several occasion^ 
to m&ke api^ealid to the proprietors and owners of fitcaui-cngineK, urging 
them to do for themselves what the government will assuredly do for 
tbem ; anil unless appointments are made, aod greatt-r precautions taken 
to cid'orcc closer attention, and effect greater aecority to their work- 
peoplei it will become the duty to do by law what, in my opinion, flboold 
be done without it {d). To the numeroue boiler accidents which from 
rime lo time hure occnnvd in these difllricts, may he tmcpd the facl 
that nearly the whole of them have ficeuircd nhen the engine is stand- 
ing, or rafhcr juat after starting. Now thia cannot be too geocnilly 
known ; and I take thm opportunity of stating that nine-tcntha of the 
accident* which occur are attributable to thia etiuse, and may be pre- 
ventt.-d by a very iikodt-rHte shnrc of attenuon. lu the tiruL |daee, tl must 
be understood that we canuot leave a blazing Rre under a boiler with 
impunity, and that more portieuJnHy when the aafcty-Tfllpeaorc either of 
imperfect construction, fastened down, or aceidenlally shut. The gvw- 
rated eteam and aeeumukted pressure under these cireumatances must 
hnve vent^ and in case it cnnnot escape through the ejiglne, or out M 
the safety- valves, it is clear to make way fei' itficdf, not through the usual 
outlets, but through the aides, ends, or bottom of the boiler- That » 
the only outlet when the otht^rs ai^e closed for the steam to escape. 
Engineers, millowners, &c- sluuilil never forget this teiidcuey of impri- 
soned steam to rupture everything before it, and provided they had these 
diingcrs constantly before their eyes, it is more than probable we should 
seldom or never hear of boiler exploaions. 

Ai* respects the relative volume of ateam, as compared to the volume 
ofWfiterthat produced it under pnTSsuri-., it will be observed, on con- 
Buliiug the experiments of Arugo and Duloiig, that the volume bcuv 
a fixed relative proportion to the temperature and prcsaurCj and that 
this steam, when reduced to the lemperatnre of 21S% will occupy s 
space of 1700 times that of the water which produced it; nnd benee 
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foHowB an expansive force, at llOlbft,^ of more than seven times ita 
volume, and at 300 Ibu- (the aa^umcd buratia^ pressure of the boiler), at 
more than double that amount. Taking therefore into account not only 
tlic temperaiarK of the ateam, but iht tomjii^rature of the «atcr in the 
boiler, it would itpjjcar ni the niuuieut of rupture, that tlie forct? or actual 
qtuntity of atce.m would be anniented by ditatntion, and tht^ projecting 
poBfer would thus be coaLnued, until the original inipetua naa duatroved 
by the retanhug masses with whJoh it came in contact, AgaJUj all the 
heal transmitted tram the fire to the water in the boiler being rt^tained 
in great force, that force ia increased and rendered active by any disturb- 
ance, such aa the storting; of the cngiuc, condcaaationj or any other 
cause which may adject the GtjuiUbrium of the preasure. It ia there- 
fore imjiortant that wc should know these facts, that wc iihould know 
how to apply them to our use with prudence and caution, and not to 
allow B practice, founded on an ignorance of the clcmenta with ^bich 
We have to dcal^ any longer to exist* It has been remarked, and closely 
argued by its advocates, that e^iplosivc gas is generated in eeveral 
cases where these accidents occur. Now 1 utterly ri'pudiate tbia notion, 
as 1 am aatisFied, from obscr\atioQ and long prncticCi thut goa has 
nothing to do with them,— that they ore governed by u tixed and deter- 
mined pbyuicai law, and that law h neither more nor legs than excessive 
pressure. It \r true, thHt in casen where boilers explode from want of 
w&ter, and the platca become red-hot, then, and only then, docs the 
aphcroidnl system of Eoutigny come into operation, when large globules 
of water, containing Lmmcnsc ccntrtil hcut, are formed, and burdting with 
great force and a loud report, might nipluie the vessel in which they 
are contuhied. This eaiinot, however, t^ke pl»cc \uihM water ift pnmped 
into the boiler suddenly, and without rettectjou &s to the results. Alto- 
gether, 1 am of opmiou that thcac sort of aeetdcnts eeldom if ever occur 
The contrary ia almost invariably the case, and boiler explosions, although 
varied in condition! and circtimataneea, are nevertheless traceable to that 
nndeviating law of pressure which invftnably becomes the destrui:tive 
when allowed to exceed the resisting puwera of the vessel in which it ia 
contained. I have already described the force, the direction, and the 
consequent effects of the exi>loHioo ; but I have not as yet given a de- 
cided opinion ss to what 1 ctmsider to he the ultimate cause of the ex- 
plofiiun. I have endeavoured to arrive at this by a cloae investigation of 
the state of the aafety-valve, and taking into consideration the slovenly 
and careless manner in which these important adjuncts bad been treated, 
1 am not surprised that they should fasten themselves and totally pre- 
vt^nt the etdcape of tlie surcharged steam, Tbe 2-)nch valve I find was 
held down by two weigbLs, — one2d-lba., at the e^ctrcmeeud of the lever. 
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uid the other 22j lbs, at about half the distance from th« fulonun ; 
culattiig the pressure Juc to these weights, we have iibDtit 7G lbs. on the 
aquaremch (e). What the 3-inch valve had upon it I am unable to deter- 
mincT S3 the weights have not bccci found; i have, however, cicBmined 
the valve very minutely, and find that the spindle which paaaee tbrougb 
a hole in the cover, h rather tight j and looking at the maty itate in 
which I found itj I have no beKLt£.tton in stating that it was inoperative, 
and, independent of thi; weight upon the lever, bad got fast in Ibc hole. 
The load upon the 2-inch vnlvc was au exccaa of prceaure for such a 
boiler, but I do not consider that &ueb a [osd would have proved fataJ 
provided the other valve had worked freely and bad not been ovcrloaded- 
In a word, 1 aoi satis^ed ihi-re wilh no eHcape for the riteam for some time 
previous to the Btarting of the engine, and the boiler being at the point 
of rupture, the leaat disturbing cauae was sure to tcrmmate in th« re- 
sults on which I have been called upon to report. ^^J 

[a] One part of the boiler, 1 am told, was of J-incb plates ; but it a 
icnmatenal how thick oue part may be, for the tbii^Dcr part is the 
measure of the strength of a boiler. 

{b) I do noi of course speak here of Mr. WilliHmaon individually, or 
with any intention uf prejudicing him io the minds of the jury. I knw 
that there are a great many people who use ateam- boilers, and who ait 
not at all acquainted with the dcingers that surroond them : 1 spi^uk 
generallyj witb reference to what is neceeaary to be observed in the vorl- 
ing of all steam -boil era. 

(c) The frequeut rteuriv^oce of these lamentable accidents seems to me 
to be very likely to cause the etiai^tmcnt of some stringent laws tor the 
protection of the li\e8 of all tboac exposed to such catastrophos. 

(d) It appears to me that it is possible, and quite practicable, to estt- 
blish an association (for instance) in Rochdale and the surrounthng 
diritncts, the members of which should appoint one or two inapectoni to 
take cognizance of all the boilers io the district, and to report to the 
asBoeiaCion, weekly, in what state they found the boilers, and why ihey 
were not in a working condition, if the inspector or inapectora thought 
such to be the case. I do uot think it would be any tai on the proprir- 
tors of boilers to pay a triling anm yearly to meet the expenses of .*uch 
an association ; for it Gtrikes me forcibly tbat we should not onlv ivoid 
these very serious acctdeats, but 1 believe it would be productive of bent- 
fit to the proprietontj and HK\t a great deal of money which is now loiX 
by the feequent esploaions. 

{e] If there was an 8 lb- weight in addition upon this 2-icich valve, of 
which I was not informed [hut which Clegg, the engine teuter, Btotfd 
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ID bii evidence thtt he worked with, although be took it off on the night 
befbn the oplonon, u was his custom, to allow the uteam to escape], 
that would give something like 9 lbs. pressure extra- I could not, on 
Monday, learn the weight that waa upon the 3-iDch valve, hut I find 
that it had an iron corer, with an iron spindle working through it. 
^ere aeemed to be room for just sufficient motion of the spindle to 
make the nlve aet ; and I could not Ufl it more than one eighth of an 
inch before it got fast. But the least dampness, from the steam or 
otherwise, would cause the iron to ruat, so that it cvould become jam- 
med, and all the pressure you eould bring to bear upon it would nevtrr 
move it. I certainly do not think that this valve was in action on the 
morning of the explosion. It would be much better that covers and 
spindles should be of brass, which is not so likely to oxidize. This valve 
mig^ht, under many circnnutances, work frucly; but it might alao stick 
foat at the very moment itwa^ most wanted- Undcrall therircumstances, 
I hare no hesitation in saying that this valve must have been fast at the 
time (^ the explosion, I do not think that the holler could have exploded, 
if the ralve had been working and had not been overweighted : I mean, 
if there had not been a greater pressure upon it than that upon the 2-inch 
ralve. ^The Coroner read the evidence of ibe lad Samuel B. Taylor, 
at to the putting of an extra loom-weight upon the 2-inch valve, a few 
minutes before the explosion; and Mr. Fairbairn said that this valve 
most have then been weighted up to 150 lbs. or even 180 to 200 lbs. on 
the square inch. Even supposing the 2-inch valve to have been in 
working condition, he was not sure that it would have sufficiently re- 
lieved the boiler of the rapidly-accumulating steam, and prevented the 
explosion.] 

Ver^t of the Jurt/* 

At half-past seven the jury were left to consider their verdict. They 
remained locked up until one o'clock yesterday (Friday) morning; when 
the fbreman handed to the Coroner the following verdict : — 

" That, in the opinion of the jury, the death of Ann Stott and nine 
other persons was caused by an explosion of the boiler, at Bridgetield 
Hill, occupied by George Williamson, such explosion being occaaioned 
l^ sn exceaaive pressure of steam, and that pressure bcmg produced by 
the following circumstances; — £rstj the 3-inch safety valve not being 
in working order, and consequently inactive; secondly, the 2-inch safety 
valre being, on the morning of the explosion, much overweighted; and 
thirdly, as the engine only worked at intervals from six o'clock to twenty 
minutes past, a space of time elapsed during which the fire was kept up, 
and in that time such an amount of heat was added to the water in the 
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boiicr, and pressure therebr accumulated, as to render it impossible that 
the boiler could be relieved by the small or 2'iiich yalve nheu do orer- 
veighted^ The jury Bt tbe «aine time nub to express ibeir opinion that 
the boiler arid engine nl Bridge^eld Mill were very improperly manag^'d, 
thereby causing danger to the parliea etnpkyed ; ajid that tbe occupier 
and engineer are esccedinply blamcobic for working the boiler at ihe bigh 
pressure they have done for a long tunc previous to tbe ciploeiou." 

"VFfi underBtand that ibe jury appended to their verdict tt^ following 

remarks :— 

" The jury cannot separate without pressing on the cciu&Ideration of 
the owncra and users of atcam boilcra throughout the Idn^dom, the 
necessity there ia that mcasuren should be token by them to ensure » 
thorough and frequent ioBpoctioQ of boilers, bo as to prevent, u far » 
human care can, ihe recurrence of explosions ; and they would recom- 
mend that for this parpose the owners, &e. In various diatricta should 
meet and appoint their own inspectors, who should grant ccrtificato 
respecting the working, ^c- thereof in tbe districts as such inspccton 
might be appointed ; they [tbe jury) believing that by such appoint- 
ment and control a direct benefit would enam:, as well aa the advautage 
of preventing other interference.^' 



APPE\T>re TV_ 

AMociatio^ for thn Prevention of Steam BoUft E^plottiojig, and 

for effecting Economy in the Bamtig and Uae of Steam. 

HULEH. 

1. That tbe aaaociatioD be called '' Tbe Aflsociotion for the Prcventioa 
of Steam Boder Kvploaions, and for effecting Economy in the Elaising 
and Use of Steam.'* 

2, That all person^ employing steam power within a circmt of d& 
miles round Manchester, be ehgible as members, 

3- That this circuLt be dii-ided into diatriets, with power to ctilarg* 
the Bphere of the association by the addition of new districts, conti- 
guous to tbe circuit now defined^ when sttfHeient local support is offered 
and the approval of a general meeting obtained, 

4. That the management of the busiucsa of the aasociatioo be en- 
trusted to a committee, eonsiiting of aix members, representing Man- 
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chtKUr ftnd iU immediate neighbourhood, ind two members from each 
dutrict; a preddeDt, and four vice-preBidenta, fx officio members of the 
committee- Three to be a quorum. 

G. Thui the committee of management be elected aonually at a gene- 
ral meetiDg, to be beld on the last Tuesday in November in each year. 

6. That all questioiiA, whether at the general or committee meetings, 
be decided by a vote of the majority of the memhera present, each firm 
to have one vote, and the chairman a casting vote. 

7. That no finn, whone subscription la in arrearj have the privilege of 
Toting. 

8. That the president, or one of the vice-presi dents, when present, 
oecnpy the chair. 

9. That the expenses of the association be met by an entrance fee of 
£2, and of an annual subscription (payable in advauee in the month of 
Becember in each year) for each steam-boiler in regular use. The first 
nbsenption to be 30i. per boiler, and the rate from November next for 
htore years to be annnally tiied by the general meeting. 

10. That the committee shall appoint and dismies all officers and 
others required to carry out the objects of the association, 6i their 
respective aalaries, and prescribe all niles and regulations for their 
gnidanec and observance. 

11. Hiat the office of the association be in Manchester, and he super- 
intended by a secretary, who, with an assistant, shall have the custody 
of all documents and bocks b<^longing to the association, conduct the 
correspondence, record the proceedings, and receive, claasilyj and enter 
all reports and information for refcrence- 

12. That the duty of visiting and inspecting the steam-engines, boilers, 
and fnmace* of the members be discharged by a competent engineer, 
to be appointed as chief inspector, and one resident sub-inspector in each 
district, to act under the orders and supervision of the chief inspector. 

13. That the sub-inspectors be elected or approved by a majority of 
the membera in the districts to which they are appointed- 

14. That the duty of the sub- inspectors be to visit periodically the 
vteain department in the establishments of the members in their respect- 
ive districts, to examine the steam boilers' safety valves, feed apparatus, 
lod other parts on which safety depends, and with the permission of the 
proprietors to indicate the steam engines, note the duty perfonncd, the 
steam prewure, and the fuel consumed, and to report the information 
obtained in writing, according to certain prescribed forms, to the chief 
inspector, with such observations as each inspection calls for. 

15. That the chief inspector visit periodically the works of the meju^ 
bers in each district in succession, and, in conjunction with the sub- 

/2 



Ltm« 



tibmOs md nil ittntion to 



tm MK waaLi^iMi of impnnc- 



I, tfe kadiDg of ofKT 
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1& Tlattlkercbf inpxlar 
of waj ucubcr to t«st tW 
nNdt^ud tbeproHBcof' 
meiB cxtiBcbB^iUI be 
filed b7 dK conniaK. 

17. TImI^ n wM tmtm oT M n» rt w^ h wim what tbc injector h» 
been ■ qw fw o itfd to l«aC t betkr, «r te o<Wr if<riit pinpoM, be is to 
Mid to tbc wi u p Uij wtUuh fc i t^*4ift ia boon a vnila report of his 
nH^ •IKKiTjivg tbe facta snil Ok iT*nlt« itf (W ok, irfudi rqnrt iLe 
nocUry b to uucnbc ia ibe rtcord of tbe Mpector't prococdingat and 
Knd « ropy faftbwhb to tbe fina reported on. 

IS. Tbit erevy flhrmber bxre&ee aceeiB to tbe rcvnlu recorded in tbe 
offirp uf tbe MCrrtvy; hot Jo ill boak> and nportB open to the inspcff- 
tioD of the mcmbcn. eacb firm sbaJl be Jengaatai hj ft ntoabci', and 
the Eumefl of finna >b*U ooly h^ ^tcs wilb tbcir eoiueiic* 

19. That, onlesfl prohibited by tbeowTwrVf tbeducfud cub-inspeetun 
ahall, aCflJlreMonable tJmct^hMtaeecM totbetttMnboilrCTof tbe mtm- 
ben, ajid io all a|ipanlm oonnccted tberrwilh on nhiA nfeLy Jepuids. 

20. Tbat it ahai] be tbe doty of tbe cbief ivpccWr to give to tbe 
mtabtn vrtrj inlbrittatioD and all ucfuJ &ct^ vbidi h\t ezpenena^ and 
kn opfadge of i^ndta raj^y tn respect to the vanot>« fonue and pod- 
rtmctiociof ateam engines, boQeraaiid fonaceo, aadallapparatiiaappfr- 
tabung to tbem, lo as to guide the meniben to the safest and most econo- 
mat UKann of rftuicig and u&iag sl«am. But it ia not iotendcd that the 
bk^Metora, eilber m teatiog bculcra or other apparatus, or in cottubQiu- 
CBtmg information, or advisinfc in respect to any matter or thing in lh<r 
diacbar^ o( thdr dntin, thtW take upon thenuelref any revpontibility 
to BUpcncilf in any degree that of tbe membera or their servants. 

2L That the responsibility of the committee be limited to the duFj 
of selecting the most truster and oiperienecd offieera they c&n find, or 
whote wrviM¥ th<y can obtain, aod to provide foe reference a faithfid 
reeord of all imporlaot facta and reiuJts obtained m the maroe of iti' 
spection^ BOch reaalta to be given in a eondeosed and tabulated form in 
a yearly report of the proceedings to the gtneral meeting. 

Wi- That partie« reudin^ at a distance ont of the sphere of tbe opcn- 
tions of tbe assooiation be admitted corresponding members, and be tn- 
titltd Ui cjpies tif all the rejKirts and ilaiements prinled^ and haxo aeett! 
to all the documcitta prepared for reference by the mecnbera witluu iht 
circuit, on payment of a yearly aubacription of j£3. 
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APPENDIX V, 

Report 6y William Faibbaien, Civil -En^neer, Manchesfer ; 
James Leslie, Civil- Eoffineer, Edinburgh; <7ff</ Robert 
Johnston, Brick-Builder, Glasgow; to the Dean of GuHd 
Court of Glasgow. 

Mt Load and Gentlehen, 
In pumuuice of your remit to ua of date the second day of Mareh laat, 
in the action dependlDg before you, at the matance of the Procurator 
Fiecal of Court, Pursuer, ag^ost Measra. Charlea Todd and Higgtn- 
botham, Defeadera, we have viaited and carefully inapected the Defend- 
ers' premiwfl in Commercial Road, Hutchesontowa of Glaagow, and in- 
veatigated and conaidered the whole matter remitted to ut, and have 
now to report to you the result of our deliberationB, This we propose 
to do by deacribing (lat), the state of the Defenders' premises, with 
reference to the aubject of our investigation as we found them on exami- 
nation; and [2ttd), the remedies and directions we have to auggeat for 
removing or abating the nuisance of smoke, complained of aa anaing 
from the Defenders' Works. 

1- — State of Premises, 

The Cotton Manufactory, of which the Defenders are the occupiers, is 
ntoated in Commercial Road, Uutchesontown, in the town of Glasgow, 
It co&tajns 500 power-looms, and is worked by a condensing steam 
engine of 25 nominal horae power. The cylinder is 2$J inchea dia- 
mcter, 6 feet stroke, and makea 36 strokes per minute. It is supplied 
with steam from four boilers and four furnaces of the following dimen- 
sions, namely : — 





BOILEBS. 


FURNACES* 




LKNQTB. DIAKETKL 


LEHOTH. BSSADTa. 




ft, JD, it la. 


ft. Id. ft. Id. 


No. L 


16 7 


4 6x40 


No. 2. 


19 6 


6 0x46 


No. 3. 


16 5 


4 0x86 


No. 4. 


20 6 


5 0x46 



All these boilers are of the same (cylindrical) construction, with £at 
ends, with the exception of No. 2, which has a centre tlue. 

The furnaces are placed immediately under the boilers, as shown in a 
sketch which we submitted (No. 1), and the flame travels the length of 
the boilers three times along the bottom and two side flues, before it 
enter* the chimney. 
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By thja armugement, tbe heated currents o^ carbimuceoua martcr 
poasca from the furnace along the bottom ti> the extrenie end of the 
boiler, where it ascends into the side flue A ; it i* then conducted along 
the side and aerOBs the tint end in front into tbe Hut; B, whence lC 
escapes into the cliimney. 

By this process it i^ill be obserred that the ga^cousi prodnctB of the 
furnace make a circuit of three leiiglhfi of the boiler before they finally 
arrive at the main flue that conducts to the chimney. 

Thi'ee of the boilett', Noa. 1, 3, and 4, are built or placed in this mMi- 
ner; but No, 3 having a centre iliie requites a different cnndtruclion. 
In thia boiler the tlamc posfjes, oe before^ along the bottom; it then 
mes into the centre flue, and arriving at the front end separates into 
two dUtinct columns, and thence pa&.scs onwards to l!ie chimney. This 
boiler, from iIe enlarged heating aurface, ia a sujjcrior generator uf 
■team to those constnictcd without internal fluesj but drfcclive wh*'n 
compared with others of more modern construction* Tbe whole four 
boilers are in use for raiaing steam to supply the en^ne, excepting only 
H small portion, probably about one-sixth^ Hhicb ia tuken to boil anil 
prepare aize for the looms. 

The consumption of fuel, when compared with the power of the engine, 
is very considerable; and contraetia|J^ it with other cfitabUahmenli, it 
appears that nearly one-half ia waated, passing either into the ash-pit or 
the atmosphere un consumed. 

In atttiiipting to estimate the quantity of coal used by this engi&c, 
unfortunately v/t have no indicator diagrams to guide iis, cither as re- 
gards the vacuum or itd gt^ncral working condition. But ai^suming the 
velocity of the piston to be 360 feel per minute, and tbe pressure of 
Hti^m 15 lbs. on the sqnare inch, a force of not leas than 75 horst-. wimid 
be the result. The hoi'sc'power in thia ca&c is taken at 33,000ll>»., 
raised one foot hjg;h in a nunute. 

Comparinj^ this vsith the quantity of coal consumed, 40 tone per ffeeb, 
we find the enormous expenditure of 1 9J lbs- of coal per horar.power per 
hour, and that calculated at 75 horse, the usHumcd power given out b/ 
the engine. 

In a well -constructed condensing engine of this kind, the eonsump- 
tton of coal should not exceed 10 lbs. per hor^e- power per hour, including 
that U44^d for boilin^j preparing sise, and heating the mill. 

lu our best-eunstructed engines workmg e.^panAively^ the consumption 
does not eieced 4-Iba. per horec-power per hour, and when carefully and 
well-inaoagedj la i-educed as low an 3^ to 3[ Iba, 

We have stated these facts to abow bow great and unnecessary a waste 
is going on in ibis comparatively small ealablisbmentr and probably in 
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many otbera of ihc same description in tlie city of Glasgow, A waste- 
ful c:cpcnditiire of tbia kmd ia invambly ttccompftuied by its altfindant 
evil, smoke. 

TiiikJng into con^id^rBtioa the heavy load the ateaiti-eugiDe has bad to 
overcouie, anil the defective fltatv of the boili^i^, Wb utie not rjurprised 
at the quflotity of fud cudHumcd, and the annoyance these works must 
have cflUMd to the neisbbourhood. It ia our opinion that theae dd'cclo 
rnajj be remedied, and for ihia purpose we reipeclfully &ubmit the follow- 
jng auggestinna and directions z^ 

U.—Remedies and Directions. 

There 8re innumerable schomea and patents at present in operation 
for the cousumptiun of smoke ; — Moviog Grate Bara, Juke'a Patent, 
Witty's Universal iSmoke Conaummg Apparatus, and a bundrcd others. 
Wishing, however, hi avoid all compltKJty and unnecessary expense m 
conKtruetioUr we art of opinion that the object may be effected in one of 
three ways ; namdy, L**l| by tt comumn cireular boiler of sufficient |X)wer; 
2(icl, by the IntrGduetiau of tbc double flut; aud double furnaei^ buder, 
with alternate tliiagSr whieh is probably a more ccoEiomical plan thaa 
the preceding ; or, 3rd, by the introduction of one of the multitubular 
boilers, 24 feet long, 7 feet diameter, with double furnaces, miiinf^ 
chamber, and about 110 to 120 3-inch tubes [^ rthown in skftr^h which 
we submitted^ No. 2), which ia the be^t and mobt approved plan. 

[q the above conatruction of boiler, A ia the furnace shown double at 
B, B, in the sectJoi^; C is the miviiig chantber where the gases parsing 
from both ftucfi are united; a, a are vertical lubeSj of which there are 
three of about 12 inehes diameter, made conical, and intended as stays 
for that part where the tno Hues pass into one, forming an elli|]se at one 
end and a circle at the other. These tubular aUya not only strengthen 
and retain the ellipse in form, but they answer the double purpose of 
powerful generatoi-s, as the healed currents impinge against ihcm in 
their passage from the fuTMaee to the mixing chamber, and to the tubes 
D, whert the remaining portion of the heat is absorbed. 

With this description of boiler, assuming the engine to be in good 
workiug condition, and that proper atlenlion is paid to the management 
of the furnace, the eoiiflsion of great volumes of amoke may he greatly 
mitigated, if not entirely prevented, and that by a few simple rules very 
easv of application. These rulea will be foutid at the end of the report. 

Boilers thus conatnicted, arc caleulaied, from Ihc large absorbing sur- 
faces which they contain, to be excellent generators of steam. They re- 
quire no brick tlues, and one boiler of this kind will raise a% mucbj if 
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not more steam, tban the whole four put togctherj and now at work 
the Defenders' mill. 

Wt may alao stale, tliat we consider that twn Ixiilera nf ttia dcscnp' 
lion woald effect a allll greater wving by adopting tbc system of slow 
combuBtkOD oh used ia Ccmw&IL, and by thc»e means ensure not only 
the obatement of the nuiaance, but a eIiJJ further ceonomy id the con- 
«Bmption of fuel; ood fuplber, ibwt if the working parts of the D^ 
fenderw' engines were strcngtbeniMl to a force of resistance equal to 20 
or ^a lbs* on the square inch, aad the steam cut oiF at ooe-tltird of the 
stroke, the same power eouJd be applied with an addilionid saviU|^ ^ 
one-hair, if not three -fourths, nf the fuel now consumed. 

To abnte the nniaaiiue of smoke, and to effect a more general syst 
of improvement in the process of working endues aud ruising alcam, 
la cBsential to use every meaoB to prevent the eaea]>c of heat ; that the 
recipient surface of the boiler should be of each citenl ua would abeorl) 
Ihe whole of the heat as it passes from tbe fumaee to the ehlmneV; t%- 
eeplinfr only ar4 much aa may he requiri.'d in maintain thi^ dniught : thnt 
ihe boiler thus conatrueti^d should be carefully covered with fi'U» or scrnie 
uther no u -conducting aubatancc, to prevent the radiation of beat: thit 
the water for feeding should be raised to the boding-point before il 
enters the boiler [and this may be dune by enlarging tbe siirfaee of ibe 
condueting feed-pipes, and aurroundirig tbeni by the heated current* m 
tbey i>ass from the boiler to the chimney); and, finally, that the atcwi 
pipes, eyiiiukr, and all those piirti. commuuienling with the boiler to tbe 
rondenstT, be carefully clothed in the name way aa the boiler itself, and 
ihitT every eare he taken to retain tbe heat and prevent ita escape. 

These pM?cautions bring Uken, we beg now to refer to the Rules for 
the proper iiianHgement of the furnaces of steam boilers, which we have 
reason to believe, if properly oppliid, will prove bcneticiaJ to the 
prietors of worts, and ncecplable to the pubUe. 

Wp would funhorrespeeifully suhmit the following remarks and aug- 
Itestiuns ri^lalive to the management necessary to be generally ohs^rrivl 
in wnrkin^ the funinec, and the principle upon which that duly shonli 
be rlfectcdj and which we have added lo our Report by way of Ap- 
pendix ; — 



M 



Gfiurul Rrmorks given at an ApptntUx ycitk ihe foregomg Report, 

The HU^m^engiTie, taken as i machine, has much lo do nith the 
niinty of fuel, either a.4 ni^iinh ibeantount of force applied, or thenvingT 
l^ W effected in ihe coUMimption of coal. 

The *lrftm-eupine, ns left by Mr. Wall, was a perfect madune, aa far 
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aa regards tbc principle on which its erection was fuiitidcd, aitd in this 
respect it has nndcr^nc no chaof^e. It bns, however, been grtatly ioj- 
proved ID Its parts, and by the introduction of malleiible iron, improved 
tinjh, and in(?r(?as(^d stronpih in its organic con nl ruction, we art? now 
enabled to apply steam ol' greut forix', and that, nnittd to the principle 
of condensation and expansive acbon, has rendered the ^tenm-cng^tnc ari 
agent of motivo puwcr that may be carried to filmoat an unhmited extent. 
In fftcCj the measure of its force is ulunc caiculiited by tbe security of ita 
applieatioii ; and us that acciirity almost entirely depends upon the boiler, 
that ini|hjrLai]L adjunct requires our special attention both as regards 
managetncnt and construction, 

When the atcam-eni;iiie waa first constructed, 3 to 3J lbs, pressure 
upon the sqiiarf! ineb was all that could be ventured upon ; profj;reBfiively 
it ^t np tu 7, S, and lOTbs., and row the last and most eciinnmieal aru 
worked at !30lh9. (Jii the M[mLre inch. In locomotive and non-condemfin^ 
CDgincSf steam i^ worked with perfect aiifcly at a pressure varying fraui 
50 to 150 lbs. 

Jn Comwali, where fuel is more expensive than at GlasgoWj and moat 
other places, even where eoal is abundant^ it becorries a (|Uestion nf dw?p 
importance to tlic different mining companies that the grtateat economy 
should he observed m the combustion of eoal ; and sach is the fedmg on 
this subject, that the cr^ptaiu of the mines no aooner obserpQa emokc 
issuing from tbe chimney, than he at onee acffuses the engint-cr of trastiji^ 
eoalj and unless the outlet of the chimney is immediately rendered trana- 
parent, a reprimand or probably a suiaJI fine, with tLe disgrace of mis- 
maiiJigcmcnt, is ibc result- 

Sjlow eomhut^tion is in moat c«see preferred in Cornwall, and it trc- 
quently happens, that the fumiiee when charged in the morning is not 
again touched till ntion, when llie fin- is cleaned ami recharged with 
quantities auflicii-iit lo lahl the same time aa before, in this way the 
fire ia never disturbed for nevorat consecutive hours, and on looking into 
the furnoPC there is a slow smouldering fire which consumes every par- 
ticle of cuulj and uiainiainH tUo full pressun^ of steam up to 3<) and tO lbs. 
on the square inch. To fire in this manner, and lo maintain the Hteam 
at the requireJ iireasure, two esseulials arc requisite, namely, pi&iUj af 
boiier turface and warm chthing fo pret-en/ th& escrrpe of heal. In other 
parts of Cornwall the Hyatcm of slow combustion is nut carried to the 
aame extent, as many of them fire their fumscc^ once an hour, but wilh 
the same succeas as regards the emission of nmoke; and it is no uncom- 
mon occurrence to witness a don-u chimnrya of great power and dimen- 
sions, carefully whitewashed^ with an atmoB|)here above them as clear 
and transparent as if the fires below did not esial. 
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Such IB tbe pnctice in Cornwall ; ftad if this can be done by ^ood 
nuca^ement and cwefiil ettration in that district, why i% it not accoin- 
pUflhed in otliers equallj' wd! prepared for ila reccplioii ? This qmrittoQ 

nalurally Busrgcata iUelf to every per^n who witnesses the rcpulsre 
almospbere vrbicb bovera over ihe fcats of our manafactnreA. 

CotdwrII, frum the almost tot^ absentee of smoker ^ B leading extmpltf 
to ni(Kt other parts of the kiogdouj wbcrit uteam-engiues are t^mplojcd, 
vod exteosivc works carried on; it would, however, be unjuat to atj 
that attempts have not been made to retuedy the evil of amolcy chimiicp, 
BO jaatly complained of in oTher ^nnlie* ; on the contrary, wt bebeve 
tb« great efTons have been made in various directiona to reini?dy the 
evil: but, Wktiig at the natun; of the works, and the ininy fruitlcsd 
attempt) to accomplish a ^r^t dtal in a small apace; and, judging from 
e2tf)oneQee, we are led Co the eODclosion that all attempts nt a radi<^l 
cure wdl he unavailing, &o long as a determinaliou *!xiat» to work Wfobi- 
en^net u-f/A boiUrs of limilrd capacif^. Our attempts have been hitherto 
to save fuel, and effect perfect combuation uudcr bodt^rs of capaeity m- 
sufficient to raise and maintain the required preasiirc of steam without 
forcing tho fire. Now, it should be distinctly itaderatood, that it is ucil 
to impojiible to bum smoke, or effect perfect combustioUj wbeu thefirei 
have to be forced. We mi^ht ua >«>c>u ejtjwct to work a factory, or 
propel a stcam-ship* at high velocities, by the wind, as supply an engine 
from a budcr of limited dimCDsions without producing smoke. 

In fact, the whole accret of ccotioniy in conibudtion, aud tbe abscucc 
of smoke, ia plenty of boiler flpsce, and that consideration should ccver 
be lost sight of in out atteuipli^ at irn pro vem cuts in that directton- 

Numerous attempts have bceu made to abate the nuisance of smoke 
by the admisaion of nir CbTi>ugh the tire doora, under the bara» and be- 
hind the bridge. These have been more or less a^icccMful as the boilera 
have been of enlarged or limited enpaeity. Nothing has, however^ heea 
done 10 justify au adhesiou to any particular plan ; uor has any porli' 
cular project attained such a preference in public estimation aa to induce 
ita £;cneraL application, 

Mr. C. Wye \l"illiams haa laboured inceasantlyj aud m some eases sec- 
cetiefuUyj to remedy the evil ; aod on board of some of the Cily of Dublia 
Steam Navigatiou Curapany's vessels, he haa proved by eiperimeni and 
continued practice, that even on board abip, where the boiler space a 
uecessQrily limited, much am be done to abate the uuisaiicc, and t 
with a considerable saving of fuel. 

It is stated as the result of considerable experience, "that it was a 
matter of perfect indifference in what part of a furiiace or flue tbe sir 
vaJA introduced provided this all-tuiporlaut couditionwas attended to and 
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satisfied; naiudy, tbe effecting the mkturc of the air nnd thjgas before 
the tcmpcmture of the latter waa induced bdow that of occ<:aeioQ or 
kindJing. This, Eiccording to Sir Humphry Davy, should not be under 
800'^ Fuhrcuhdt, as iguitiun euiild not take plru^ at a lower turnperalure, 
that Fact being the pnneiple of HJifety in the miner's lamp. 

" Previoasly to the introduction oi the tiibutar id place of the flue 
flyatem in mariue boiJera, it had been auppoaed that the introdaetiotk of 
the air on tbe ar^nd principle by a perforated plate behind the bridge, 
Mtisfied all that nature rerjuired in producing iJ^rfK't eonihiLatinu The 
luhular form of boiler, howcrer, rendered i^ different arron^ment abso- 
hitely Qocesfiary, This waa oeeasioncd by the run or distance between 
the bri(lf;e aud the lubes leinE^ bo very abort, and consequently the 
paesing along that distanee being &o limited in time, that the mixing and 
combualioD could nut be adtrr^uately alfceted. This, after numei'oua 
tmla aud expedients^ led to pladng the orifices of admisslou in the front 
or at the door-way end of the farmice- The ftystcin adopted by boilcr- 
niahera of contracting the door-waya of marine boilers, much impeded 
a successful a|iplication «f the urgand principle. The enlarging the 
door'Way opening, as sltown in the models, however, afiorded suElieiFiit 
apace for tbe required number of f or ^ inch orifices. By tbia the length 
of the furnace from the door to the bridge was thus, as it werc^ added to 
the length of the ran. By this mode of constmetion, the arg&nd prin- 
ciple ha^l be^n applied with great ^uecesR to marine boilers, 

"The next point cunaidered nun an to the quantity or groaa volume of 
air ref^iiired, and the area of aperture necessary for ite introduction. Od 
tbis hEyid it waa ateted, that a irreat practical error bad been frequently 
comiuirted, bb it had be^m 5tattd, that it would eiiffiee if the aperture 
■hoald be equal to 1^ aquai-p inch for each Rqnare foot of tire flurface 
in the ruruace, in the caae of ain<^]e furnaeea ; and of hut half a square 
inch or OS inch for each sqnare foot of grate-bar surface in the cnsc of 
doable-furcQced boilers/' 

Mr. Williams further atatea, in reference to a «l:iiru] fireman, that the 
only duty f but »bnu1d be recjiiired from him, is, "* that he Rhould keep 
the grate bars fully and uniformly covered, for if the hack end or eidea 
of a furnace were left uncovered, the air would paas through them in- 
fitcad of passing through the air diatributors, aa that paaange offered the 
hottest and shortest route to the chimney. " In this opinion we perfectly 
euDcur, as uidssa the han »re covered, it ia sure to eool down the tem* 
pcrature and occasion great waste nf fucL 

In a private communication with one of the reporters, Mr, Williams 
contends for the use of hia air-diffuaion plates behind the brirlge on the 
principle of theargand burner; but there ia this diffieully, thai the very 
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evil we are ansioiia to avoid, is to aome degree oggravoted by an eit 
of air, or as he himself tails it, "bd ovci-flooding," which aliould be care- 
fully Hvaiileti if we arc la ftionorniae fuel by tlip. same process flxat we get 
rid of the aniukt, Mr. Williams very properly observea, that wc ml 
keep in view that the gaa of a ton of coal requlrea, 

in cubir feet 100,000 

and tLc solid part, or earbon 200,000 

A total of • . 300,000 

cubic feet of hydrogen and oxygen for the cunibuation of one ton of coal. 
These art fatls whieh hnve been di-termined by Mr. Williams ex|>eri- 
mffntully, and tlie public are gi'eatly indebted to that gcutlt^mau for tbc 
tible nianncr in which he treats his subject, and the great amovinl of in- 
tetligi^ncG which he has brought to bear upon the principle a9 well as 
practice of obtaining a better avstem of managctoent, and in folloffing 
up a more correct principle of coiiibuHtion. 

From Mr. Williams' atatciuciit given above, and from the various pro- 
jects adopted by others for the attninmctit of the same objects, it apptara 
to be the general opinion that the adniiaaion and diffusion of air behind, 
or through the bridge (mariae boilers only excepted), is the only feasible 
means of preventing ihtt generation or emlaaion of smoke. This ia cer- 
tainly an effectual rcnielj aa far as it goea, but injurious as regards the 
economy of fuel, and that for the following rcaaons: — namely, thai an 
aperture for the admisBLon of nn increased c^uantity of oiygen required 
to aa^iat combustion after the furnace U charged, is not wanted, when 
the enid hsis been deprivrd of ita bitiinjen; after that period, when the 
furnace becomes bitght, a smaller quantity la required, and any exccsa 
beyond what is nceeasary to combine with tbc goacs accclcratea eombus' 
tion, ciiols down the furnace, and increaec!^ the quantity of fuel coo- 
Bumed, Now, in «itiiai ions where the boilers are in excess of the povrer, 
these biptrLures are not renmrcd, as the Cornish system of slow combus- 
tion elenrly dcmonstratcB, whilst, at the same time, it teaches how thai 
process may be adopted, nud that with the same Aucccoa as euats in that 
diatrict. At other times ^bcrc the boiler space ia limited, the introduc- 
tion of the air diffusion principle will greatly mitigate the evil, but it 
will not, in our opinion, effect the same satisfactory remedy as may be 
obtained by enlarging the power of the boilers. 

In cases where the owners of furnaces have to force the tires, and 
li|nited beyond the power of enlarging thdr boilera, ve sliould theft 
recommend for adopticm the miikiliibular system, which affects in a 
small spac[? what would otherwise be required by increasing the number 
ofj or dimensions of, those of the common conatniction- This tubu 
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fljstem u alirays efiectivcj provided sufficicDt Burface ia giveo to absorb 
Uie heat ta it passes from tbe fuTDsce. In marine and stationary boilers 
16 to 18 square feet has been consideTed sufficient for every nominal 
horse-power of the engine, but it i» safer and better to take 24 square 
feet, provided a saving of fuel, accompanied by the absence of smokcj is 
to be effected. With that measare of heating surface much may be 
done; but it will be found still far from perfect^ unless care and constant 
attention be paid to tbe management of the furnace. 

In this Inspect a good system of management becomes indispensable, 
and although firing machines have been adopted^ with numerous inge- 
nioua devices for regulating the time of firing, and other projects for 
accomplishing tbe same object by the diminution and pressure of the 
steam, yet we have never found these self-acting machines answer the 
purpose BO well aa the human hand. The management of the furnace 
appeua to be a separate system, which may be learned by attention to a 
few nmpte rales, so as to give perfect satisfaction. 

In these statements wc have endeavoured to lay before the authorities 
such information as appears to us calculated to abate the nuisance of 
nookt^ and purify the black dense atmosphere which hangs over the city 
fl£ Glasgow, That these dark and gloomy vapours can be prevented from 
ascending, we entertain no doubts; and after tbe observations we have 
considered it our duty to make^ and which apply with equal force toother 
manufkcturing towns, it rests with the public authorities of the dty to 
eofonc, mitigate, or improve these practical recommendations. 

W. FAIRBAIRN, , 
JAMES LESLIE. 
ROBERT JOHNSTON. 
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In the Dean of Gniid Ctmrt of Gliuffov^* 

Fwther Report by Willuh Faiubaiiln, Jaueb Leslis and EuSK&t 

JoHNfiTON, iH tfie Caae at the iitsiauct of the Procurator Fiscal of Vimri 
against Me^^rs, Ciiarles Tou]> and litoQiVBOTllAKt- 

Mv LoR-D ASD Gentlemem, — In obedience lo tLe furlhcr remit of 
Court of date the tifth day of Oclober la»4t, ne have a^Hiii visited and 
carefally inspected the Dffendera' prcmifics, and have now lo report, that 
we have (cen no caLiae to alter in any reapect our fornicr report, which 
wo therefore adUere to and confirm, la that report we described aecu- 
rately the state of the Defenders' Works as we fouod then*, showing f hpi 
a great und unneeessary waste of fuel was there g'kiDg un, and that a 
wasteful txpenJiture of that kind was invariably accompanied by ita 
attcndflnt cvi] — smoke. We tbea pointed out bow Ihia atatc of things 
might be remedied, and the coneumption of emoke effected, Thia ob- 
jeer, we atatedj might be attained in one of three ways, uaniely :— ^{1) by 
a common circular boiler of snfticient power ; (2) by the introduction d 
the double flue and doubli; fun^nce boilt^r with alternate iirings, vhicb, 
we atfited, was probably a more economical ploti than the preceding; or 
(3), by the introduction of owe of the multitubular boklcra 24 feet long, 
7 feet dinmeter^ witiL double funmce^, mixing rhmiiberj and about 110 
to 130 tljree-i.nch tubes, aa shown oix a sketch which we Hubmilted 
(No. 2) ; this wc distinctly added, being in our opimoQ the best anJ 
most approved plan. In addiCiou to this, wc ^avc mica to be obscnvJ 
in the managei^ent of the furnace. Hcmaining of the aa.me opinion. 
after inspectioitnd deliberation, WR cannot suggest any other remedio- 

We obsErvedlon our second visit, that the DefeiidcrH had, to f^umt 
tJitent, coraplietf with the instructions in our former report, and ihercbif 
effected a considerable improvement j but there ia yet much lo be doi 
to lessen the emission of amoke from their chimney ; and we do not thii 
thcreforCj that iheJr partial coiiipliaiice with oar instruclionB ought to 
accepted, as sati^fyjiig the requireujenta of the atdtute refrrriMl U» in tbi: 
remit to ua. At any rate, we hold it not to be in oar pro\iace ia 
recommend anything; abort of the best and most approved plan known 
at the time, as we have done; and that if any other plan is to be adopted, 
this must be matter of arrangement betwiit the parties, with which, 
presume, we have no power to interfere. 

jUi which is reapcctfully reported by 

W. FAIRBAIRX, 

JAMES LESLIE. 

KOBERT JOHNSTO] 
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Etjcperiments on ihe Iron Targets at the Aricnal, Woolwich. 

The following ^xperimenta were uQdertaken to detertnme iLe effect of 
shot upon the hull of an imn v^&sd, and alao with tlie view of providing 
means for stopping the passage of water through a ahol-hole near the 
water-line. The Utter object i» Hought to be cffcctt-d h^ packingii uf 
t^noUB kinds fined behind the sht^athm^ plates, and which by their 
dasticity will close over tbc bole EiTtcr the passage of the shot through 
them. 

Tlie guD used in the esperimeuts was a SS-pounder, placed at the 
diBtHCCC of thirty yards from the targets, and loaded both with the full 
charge of 101b*. of powdcrj aud a choice of !21bs,, to produce the etfect 
(rf a long shot. The initial velocity of the ball with the full charge ib 
about 1800 feet per second, and of the 2lba> cWgc 1000 feet. The 
diameter of the ahot la 6 iDchea. 

Target No. 1< is made of three thickncascs of |-inch plateSj meted 
together by double fowe of rivets, arranged in rectangles of 2 tin. x II in. 
Through thia only one shot wa^ flred with the fill charge, which made a 
dean hole, with very httle tearing or raising of the edges, and no rivet 
heads atetted near the bole» The three thicknesscji cut out by the ahot 
all flew mto angular splinters of 1, 2, and 3 iiichca long, diverging from 
the hole in all directiona. When the full charge is ueed, no disturbance 
in the plate or the riveta round the hole i« observable. ThiB target was 
not stiffened with niigle-irons. 

No lining was placed behind this Iw^et, 

Target No> ^- is formed of eingle J-inch plates, flush -jointed, ungle- 
rivetcdr with two frames 9 inches deep attached by double augle-itonft 
6 in. X 3 iit. One half nf this target is lined at the hack with pure India-> 
mbber, and the other half with a mixture of India-rubber and eork-dust, 
Gontaitiiug 25 per cent, of the latter by weight, 12 inches thick. These 
linings arc held to the sheathing by I-inch ficrcw-bolts with square heads 
ontsidc, and nuts with washere of y^^-inch plate S inches square inside, 
the plates (or washers) completely eoveriog the elaitic lining. The boltn 
are in the centre of each square^ or 3 inches apart each wav- 

Through the ludia-ruhber and cork'dust Bve shots were lired, all 
etriking (as was mtendcdj between the bolts. Two with 10lb>-charge 
made clean perforations through the outer shell, and passed through 
the lining without shattering it much, but knocking oif^ each, four or 
tire of the back pkites with great violence, and the aplintcrs from the per- 




foratioci in the outer shell passing ttrougb the titling also* Tbc clastic 
liDing closed completely over the hole, ao &$ to exclude ^^ater thorougUly, 
Several projjortions of India-rubber to oork-dusl have been tried, but this 
one lA fnuud b) be tbe best- Tbe thref; other shots lired through this 
lioirg wore with the 2 Ib.-chiirgTT, and were purposely made to Mrtke 
within B cirele of 12 inches diameter, so that the three holea joined; 
3til1 the Imitig elowd over the holes &o us to e^^clude light aud to prevent 
the passage of a thin vaJ)ring-«tick through it where moat shattered, 
nbich WIS coDsiderei] very satisfactory- Of cimree a great niacy of thftH 
bnck<pla(eSf about eight, were torn off, ^ 

^Vith the auiall charge of powder the fibeathing plate euSiira mueh 
more than nrilh the full charge, the plate being considerably drawn ioto 
thcT hole, mtsing^ the edge tnsidej and stripping the rivet heada tiear il^ 
A ffhot WHS fired nitb I lb. of powder, which produced the &auic effect ia 
B greater degree. In all cases the ball carries nith it a part of tbe plate 
torn from tbe hole, which inere^sea in aiie with the streng^ of the 
chargr. 

During the la£[ experiment aspllnter from the target struck asentinel 
on duty tit about ^00 yarda' distance, passing entirely through the ulf 
of hia leg. The pxeoc was about the size of a penny, and must hav« 
planced from llie target at a very obtuse angle to have struck the msa 
who was slatitmed a Tittle before the line of tbe target. ^M 

A weak abot was pu«ed throogk tbe luting of colid lndiB-ruhber> 
irhkcb perfectlr dosed o^xt tbe bok, ndwUns wvlcr or even air from 
passing, but eauung a great disiiocatiou of tbe plates at the back, a gniat 
number of which bad down oif irom the nuis breaking in conseqaeure 
of the pressure thn^wi) upon them by the tenacity of the India-rubber. 

Target No. 3 h formed of double half-ineb plaCea riveted together, 
and no frames Half is lined with sobd India-rubber, not yet eiperi- 
inenied with, 8 inebe$ thick, and held on by bolts and square washers 
as before- 
One chief ofajeetion to India-rubber as a Iming is its expense, costing 
abont £3 |>er enbie fi.HiI. Al^i it wuld be difficult to confine it in a 
warm cliuiatc. a$ it will assume a kmd of semi-duid motion when acted 
on bv ii^ own graviiy ^hke ^^aluig-waxV 

The o<her half of this largei is bned with a miiture of India-rubber 
aud ^wrk-dust, 13 inchos thick, held on as betiMv. In this case the 
C^^k-duM was iu tixi lafge a proportxtn to the India-rubber, and con- 
ne^iieutlv the b«>le tv>rme\i by ibe shot did not dose to the same extent, 
aud the luung itsvlf »"as ^^ry much shatiered. 

Target N^v 4 i* formed by i«v» ihickncsfe^ of half-inch plates wilb t 
%\i*L\x \-4 \\ ineh bciwiecn them ntled wiih dannd, fiush jointed, aingle 
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riveted, ro framed. The rivets to hold tbc tlanucl arc G mchc^ ^uiltc 
from f-ach other. T\ii» baa not yet been experLniciited vrith^ 

Target Nrt, 5 i^ formecl of iwo plaiea having a HjJBCt of 1 inches he- 
twf^a thum, half ol this sp^e being lilled lei with Ml, &nd hiklf with 



Target No. 2, 6 feet aqaarc. 




m 
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Itkdia-nibbcr and cork-dvist iiitn>du;:ed in enmU pieces tbrougb haad- 
holeB Gilt in the ceiling plate between each lifiine (whicb are 15 inebes 




ipart). The outer sheathing plote i« g in. thick, and tbe ceiling -^ in. 
The felt proved of na u»e in stopping the hule, uiid hy its preasure it 
tort uwv}' i^ hr^it purt of ihe ceiling plate, about 2 sqnare feetj where 
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the bull passed t)jroaf5h. This large piece was quite delacLed from ihc 
plate ill various fragmcnti^ which seem to have bn»ken off quite shurt. I 

A siuiW cSt^ct was [jTifduoed !n the ceiliug plulf by (be passage ol 
tbc shot through the lining of India-rubber and cork-dust, and the 
Ifitter, from being introduced in small ^iecea^ did not cIobc over the hole^ 
ttod was veiy much displaced. 

Sonic of the halls made from bot blfli^t iron broke on Target No, 8, 
The velocity of tbe ball makes but little difference in the atnte of tli« 
lining after & ahot. j 
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Mr. Clark's Utter descripfive of the injttries ^stained &g 
ihe 'Vaffifitard' referred to in Lecture VI, 

Dear Sir, — Agret^bly to your iuatructiuu^i 1 proceeded to posMige to 
tur^'cy the ' Vanguard ' 5teamer on the 3rd inst,, and 1 beremtb send you 
a rough stctch with a view of conveying a better idta of Ibe pobiiion the 
wag in while on the rocka us wdl as the injuries she bus austamed : iheae 
could not be well dnne in letters witbom it. 

Figure L is intended to represent the position of ve&bfl wlicn ugrouiid ; 
bcr bottom appeai-s as if it bad rested on a number of hard small rockt^ 
from the stem to tbc full port of the vessel just under the paddle-wheel; 
and from that part to the stem, I have do doubt, w&s quite unsupported 
except where tbe keel was broken at C^ as shown it tbe stern at fig, I 
and fig. 4, which laiter lig, represi^nts the way tbe keel was bejiC up n 
httlc withm the bulkhead B, which is 6 feet from the stcrn-posL I was 
informed, while the veHsel was on the rocka^ that she beat \ery hard, aud 
there CHn be no doubt of il, for the b^ittom of the vessel entirely liodcr 
both tbe engines and boilers show it. Tbe plates on both aides oi tbe kefl 
(altbougb half an incb in thickness) ar« bent upward bctt^cen the floo^■ 
ingSi and m ^me places the Hoortug is vcr^' much bent and tbe angle- 
iron i« quite separated from them ; however, notwithstanding tbe damage 
done to the bottom, there la only one bole in it produced by the rocks; 
and nh»t is likewise very satisfactor}', the entii'e derangement is contined 
to tbc hull aud tbc floorings. Fig, 2 is a longitudinal section uflhe 
hull to tbc top of the kecleoDSf represented at D, and which ore nov 
as perfectly level at the top, the entire length of the vessel, as they wen- 
the tirat day, and so are all the bulkheads above tbe keelson, allhougli 
bent, as aboi^ii in drnviin^, beloiv them. E m tig. 2 represents tbe bulk* 
beads above tbe keelson. 
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There ia one tbing I obwrvc in ibe Icp aidea at A in fig- 1, wblch. Id 
reference to fig. 3j vtII Uc better underBtixid. From the guiiwalt.' down 
to the bluD lines bII the joinings of the pEates ar? what &re {?oni(uon1y 
called "jump joints:" ihia is gom'ndly done to make smoalh work; in 
Dearly all the iipriglit joints (parti i^ularly alinll llii; L'litgiiiea) tijey bavf 
now tby appearance a& marked in fign 3, viz, being >vider at tlic bottom 
of the jointa than at the top, which in mv opinion baa been produced bj 
beatin;* on the rocks, aud particularly from her having no support under 
that pari of the ves^pL Lap-joints would be mncb stronger, and I have 
no doubt the builders thought ho ; as »UI the joints on the bottom under 
the eogiucH and boilera arc lap-jointa. 

In my opinion, there ia not a stronger instance on record that has 
afforded more convincing proofe ofthe superiority of iron over wood ihan 
this vessel; and although 6he was beating hard for so many days, no 
part of her ejigicies wa?i deranged. Her engiitea were kept Eonstantly at 
work, and in my opinion are now in aa permanent working order as thty 
erer vcre. Had the ' Vanguard ' been bmlt of ^ood insttwd of iron, ihe 
could not have been aaved. 

Voar obedient Servant, 

(Signed) JosEFH Clabk. 



JVbfc referring to Lecture V. 

In Lecture V,, "On tbc Necessity of inrorpordting with the Practice of 
the Mechanical and Industrial Arta a Knowledge of Practical Science," 
1 endeavoured to show how ucpleetful the Government of this country 
IB, in comparison to that of othem, in giving ita support and enoourage- 
ment to scienee and ita contributorti. 

That subject is now nnder the conaidcration of the BritiRb A^anciatlon 
fcr the Advancement of Science, and in reference to those deficiencies nn 
the part of the Government, aa pointed out in the lecture, 1 have ttt 
satiflfaclion to submit for coiiaideration ibeimpreHeionB of the Cora mittet^ 
ftH contained in the anije\ed letter, addressed by Lord Wrottrsli?y I« 
Lord Aberdeen, at that time at the bead of iler Majesty's fiovcmmcnt. 

The British Asaociationj ever alive to the inlcrcHta of scienrc, baa long 
bad it in contemplation to recommend to the Government of thia country 
the adoption of tncjisures calculated to extend aciencc, and to improve 
the condition of those men who have devoted iheir Uvea to itft cnltivatiou. 

For these objects a Partiameutary Comuiittce was appointed, headed 
l>y the President of the Roynl Society ; and after the discuasiou wbieh 
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enaued on the replies recoived by ih^ Committee from the moet eminent 
culrivators of science, the Committee, at their first meetiQ^Cj projwei^d 
the following queries: — - 

Ist. How can the knowledge of scientific truths be most conveniently 
and effectually extended ? 

2iid, What ioducemerta abouJd be hdd out to students to ncquire 
thai knowledge ; and, after the period of pupilage hns expired, to eAtend 
it and tuni it to nncful acmnnt ? 

3rd- What arrangEnacnta can be made to gt\e itc whole body of 
competent men of science a due ioHuence over the delermi nation of 
practical qnealious, dependent for their correct solution on an accurate 
knowledge of sfientific principles ? 

The Committee, for the purposes of inquiry, divided ettch of the 
thr« qucatjooa into two^ oamely, with reference to thoae who resort to 
the nnivcrsitica for education, and to those who do not* On the first of 
ibeBC questions, the Committee refer to their report of the meeting at 
Liverpool last year. 

In that report it in staled, in a letl^T from tlie President of the Royal 
Socielyj Lord Wrottealey, to Lord Aberdeen, that — 

"Ab Cbainnon of the Parliamentary Committee of the British Anao- 
diation appointed for watching over the tntcresU of seicnce, 1 have been 
requested to addresB you on a subject of great impcrtance to thoae 
interests. 

"Your Lordship ia probnhly not aware, that soon after the accession 
of the late Government to power. Sir Robert In^hs and myself solicited 
and obtained an interview with Lord Derby, ia which we represented to 
liini that conaidci-abte dis.HaLiafaciion jirevdled utiiong the cultivator of 
leieDce generally at the had hucccha nhich had attended certain then 
recent tipphcations for pensions to aome eminent t4cienti£G mdividuals, 
which had been preferred by the Preaident of the Royal Society j and by 
lubseqaent inveatigations it was aupcrtained (and I cnmmnnieated the 
tKt to Lord Derby, by lettt-r diiti^l April 1852) that since the acces- 
bion of Her Majesty^ about thirteen per ccjit. only of the annual buui 
flUowcd by Parliament to he granted for pensions to deaerving persona 
had fallen to the lot of science, a result which naturally eontrthntcd to 
increase that feeling of diaaatisfaction to which I have already adverted. 

"It appears that a recent appheation by Lord Rosae of a mmiJar 
character haa been unsuccesfiful, and that your Lcrdship, in declining to 
accede to it, eipresaed youraelf as follows : — ' In order to meet even a 
ftmall portion of the claims preferred to me^ I have been compelled to 
require that poverty should he the attendant of merit, and that the 
pension sliould be asTnueh the relief of pecuniary d^streHn aa the aeknow- 
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Icdgment of intellectual AttainiaentH/ Lord Rosae eouW not, of coorie, 

conaider a letter from yt^ur Lordship ou a r^ubject of vitnl inipDitaiite lo 
bcience m the cLcracter of a private comaiumt^tion ; fi&d as that subject 
had already been rctbrreJ to ttc consideration of our Committee, of 
which he m aa ioHuentiol member, & copy of your Lord»hip^» lett4?r wu 
Uid l^forc Lt- 

" Now, whatever our individual opiiuouB may be on the merits of the 
particular case to which I have alluded, I parposcly Bbatnin from atatiog 
tfacm, m order tbat the object of the present addresa may not be mi^iiD- 
derstood,— that object being to represent to your Lordvbtp, with all that 
respect which iw juatly due both to yonraelf, and to the high etatioD 
which you occupy, that the views above cxpreatted hh to the disposal of 
tht' pension funJ, wudd render absolutely uugatory, w for aa seirncc 
and its cultivaturB are coucc^mcd, all the bcnevulcnt iulcntioua which 
Parliament and the country must he auppoaed to hnvn cntertaiued in 
their favour, when the provision in question was created. 

" That the grant of a |jensum would be an inappCDpnate method of 
recompcoaing scicntilic merit when poaecased bythosc who may be properly 
termed rich^ 1 am disposed to deny ; but if it were hereafter to be under- 
stood that the receipt of a pension from the Crown were full as much the 
indication of absuhitL' poverty, as an aeknowledgment of hi^h iiUelleetual 
attainment, we apprehend that the objcel of the grant would be hereafter 
but ill attained^ 

'' Had sueh a view of the iotcnticm of Parliament been formally 
announced, the honoured names of Airy imd of Owen, of Hamilton and 
Adams would never have appeared oo the pension list; and that <imalE 
cucoiirageiucDt to abstract acienc-c which lia^ hitherto been dispcoscd by 
the British Government would virtually have been withdrawn i tbc 
bounty of Parliament and the Crown would have been looked upon in 
the light of alm«j and men of eminence would not have conaented to be 
paraded before tlie public ns its uci'dy recipients. Considering your 
Lordship'a known appreciation of the claims of literature, and wc hop* 
wc may also add of acience, upon a nation which depends so essentially 
for ite prosperity and even safety upon the progress of improvrment in 
every brunch of hitellectual exertion, I cannot hut eipreas on my own 
part, and on that of my colleagues, our caruejtt hope that yunr Lordship 
will reconsider your views of the object of pensions, and refrain from 
exacting cooditions for tbeir enjoyment which cannot be olherwiw 
than painfkil to all who have a high aenae of the dignity of theif 
pursuits, and may possibly be considered as tending ti) degrade it. 

" I remain J &c.^ 

" WaoTTEaLKV*" 



APPENDIX. cm 



Note referring to the Lectures on Steam and 
High-pressure Boilers. 

The followiDg useful Circular, addreaaed by the Lords Commiasionera of 
the Admiralty to the Commanders-iD- Chief, Captains, Commaudera, &e. 
of Her Majesty^B Navy, is ao eiccedingly appropriate and ao mach to 
the purpose, in regard to the management of high-preaaure steam 
boilers, that I cheerfully transcribe it for the use of those to whom the 
management of these vessels is entrubted. 

On the Care and Management of High-pressure. Tubular Marine BoOers, 

Several ships and vessels having been recently fitted with high- 
presaure tubular boilers, and no eiperieoce having yet been obtained in 
the working of such boilers with salt water, their Lordships desire all 
officers, under whose command these vessels may be placed, to impress 
on the engineers the necessity of paying more than ordinary attention 
to the boilers undt^r their charge, both in maintaining the proper 
heights of water, and, by adequate blowing off, in keeping the degree of 
saltnesa below that which in low-pressure boilers would be no serious 
injury. 

Even when full speed is required, these matters must be regarded as 
of paramount importance } for any neglect may cause an amount of per- 
manent injury to the boilers, which would far outweigh the temporary 
advantages of a slight additional speed ; and, until some experience haa 
been obtained in the practical working of them, the most careful and 
frequent attention is required to ascertain with accuracy the degrees of 
saltnesa which the water has acquired, and which, at its utmost, should 
not eiceed twice that of sea-water. When, however, the vessel is 
stopped, or is working at reduced speed, the opportunity should not be 
neglected to change the water in the boilers by increased blowing off, 
and by an ample supply of feed-water; and thereby to reduce its salt- 
nesa as much as possible 

Such precautions as these, as well a3 never opening the safety-valves 
suddenly to their full extent, or, at starting, admitting the full quantity 
of steam to the engines, will always be necessary to keep a high-pressure 
tubular boiler in a proper state of preservation and in effective working 
order; but they are more especially necessary before experience has 
shown the exact practices which may safely be adopted; and, until such 
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eiperience be obtained, the question of s&Ting fuel, and all other con^ 
aiderations, muat be regarded as of secondary importance. 

The constant attention which will be reqnired &om the engineers in 
chai^ of the machinery of these vessels, and other circumstances, will, 
probably, at times, impose on them an unusual amount of labour and 
responsibility ; but, as many of the boilers are precisely similar, the effect 
of judicious and careful mansgement will be evident after a short time; 
and their Lordships will not fail to mark with their approbation those 
officers who have best performed their duty. 

By command of their Lordships, 

E. OSBOENE. 

To all Commanders-in-Chiefj Captains, 
Commanders, and Commanding Officers 
of Her Majest^g Ships and Vessels^ 
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